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RIBONUCLEODEPOLYMERASE (THE JONES-DUBOS 
ENZYME) 


By GERHARD SCHMIDT anp P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, August 1, 1938) 


Earlier observations in this laboratory' have led to the view that 
the dephosphorylation of polynucleotides is preceded by their 
disintegration into nucleic acids of simpler order and that the ac- 
tion of specific enzymes, the polynucleotidases, is responsible for 
this preliminary disintegration. Although both enzyme com- 
plexes (polynucleotidase and nucleophosphatase) have been found 
to be present in intestinal juice, attempts to separate them have 
so far been beset by great difficulties. Especially it was not pos- 
sible to obtain from intestinal juice a sufficiently active polynucleo- 
tidase free from nucleophosphatase. It therefore seemed more 
promising to continue studies on polynucleotidase with extracts 
from organs which are poorer in nucleophosphatase than is the 
small intestine. 

In the present paper our observations on the effect of pancreatin 
on yeast nucleic acid are described. Jones* discovered in 1920 
the presence in the pancreas of a thermostable enzyme capable of 
hydrolyzing yeast nucleic acid without a release of either phos- 
phoric acid or bases. In a second paper* he reported the isolation 
of *the four mononucleotides from the digested solution. Re- 
cently, Dubos and Dubos and Thompson‘* have confirmed the 
observations of Jones to the extent of proving the presence in 
pancreas gland of a thermostable enzyme bringing about acleavage 


1 Levene, P. A., and Dillon, R. T., J. Biol. Chem., 88, 753 (1930); 96, 
461 (1932). 

2 Jones, W., Am. J. Physiol., 62, 203 (1920). 

3 Jones, W., and Perkins, M. E., J. Biol. Chem., 56, 557 (1923). 

* Dubos, R. J., Science, 85, 549 (1937). 

* Dubos, R. J., and Thompson, R. H. 8., J. Biol. Chem., 124, 501 (1938). 
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of ribonucleic acid. They have also achieved a certain degree of 
purification of the enzyme. However, they did not enter into 
an analysis of the chemical changes brought about by this enzyme. 

The present experiments are in agreement with those of Dubos 
and Thompson, confirming the view of Jones that the degradation 
of yeast nucleic acid in presence of heat-treated pancreas extract 
isdue totheeffect of an enzyme. It hasnow beendemonstrated that 
nucleic acid itself is not altered at the pH chosen for the digestion 
with pancreatin. Furthermore, the rate of degradation depends 
on the amount of pancreatin used. 

Dr. J. H. Northrop and Dr. M. Kunitz informed us that the 
trypsin-inhibiting fraction obtained from pancreas gland contained 
an enzyme similar to that of Jones and Dubos. Dr. G. M. Meyer 
of this laboratory prepared the fraction for us and, indeed, it 
proved to contain the enzyme in a higher degree of concentration 
than the solutions obtained from pancreatin. The action of this 
enzyme was so rapid that it was used for a lecture demonstration, 
inasmuch as a nucleic acid solution which formed an abundant 
precipitate with glacial acetic acid remained perfectly clear with 
this precipitant if digested with the enzyme for 5 minutes only. 

Contrary to the observation of Jones, the action of the enzyme 
solution heated according to the directions of Dubos and Thomp- 
son was limited to depolymerization without the formation of 
mononucleotides. It is possible that Jones was dealing with a 
more complex enzyme solution, inasmuch as his starting material 
was fresh pancreas gland whereas our enzyme was derived from 
commercial pancreatin. 

In our experiments the entire product of digestion could be sep- 
arated into two fractions; one was precipitable with hydrochloric 
acid, while the larger part (about 60 per cent) was obtainable from 
the neutralized filtrate as an insoluble barium salt. Both frac- 
tions contained the ratios N/P and (purine N)/(total N) required by 
a tetranucleotide of ribonucleic acid (N/P = 1.7; (purine N)/(total 
N) = 0.66; molar ratio of guanine to adenine = 1:1). They 
differ from yeast nucleic acid and from each other in their higher 
solubility in hydrochloric and glacial acetic acids. 

It is clear that each fraction represents a mixture of tetra- 
nucleotides in different stages of polymerization. The absence 
of appreciable amounts of mononucleotides in these fractions was 
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demonstrated, first, by the observation that the products of diges- 
tion of yeast nucleic acid with boiled pancreatin are not dialyzable 
through cellophane, while a mixture of the four mononucleotides 
(obtained by alkaline hydrolysis of yeast nucleic acid, under the 
conditions of Steudel and Peiser*®) passes through this membrane 
very rapidly; second, no appreciable change in depression of the 
freezing point of the digested mixture was observed during the 
digestion of yeast nucleic acid with boiled pancreatin, while under 
similar conditions, a considerable depression was observed after 
alkaline hydrolysis of ribonucleic acid. (The formation by 
alkaline hydrolysis of cleavage products lower than mononucleo- 
tides can be excluded on the grounds of the absence of reducing 
power (negative Fehling’s test) and of inorganic phosphoric acid 
in the hydrolysate.) 
CONCLUSIONS 

1. The presence in the pancreas gland of a heat-stable nuclease, 
as recorded first by Jones and later by Dubos, is confirmed. 

2. The function of the enzyme is that of a depolymerizing agent, 
limited to the dissociation of the tetranucleotides of high molec- 


ular weight into those of lower molecular weight. 
3. Native ribonucleic acid is a polymer of the tetranucleotide. 


EXPERIMENTAL 
Methods 


Purification of Yeast Nucleic Acid—Commercial yeast nucleic 
acid (Boehringer) was purified according to Levene’ by means of 
glacial acetic acid. 

The purified nucleic acid did not change its composition after 
frequent extractions with water, fractional reprecipitation with 
glacial acetic acid, or reprecipitation with hydrochloric acid- 
alcohol. 

Determination of Yeast Nucleic Acid—The precipitation of 
yeast nucleic acid with hydrochloric acid or with glacial acetic 
acid was found the most satisfactory method for its evaluation. 
Thus, from a 10 per cent solution of nucleic acid there was re- 


6 Steudel, H., and Peiser, E., Z. physiol. Chem., 120, 292 (1922). 
’ Levene, 2 A., Biochem. Z.., 17, 120 (1909). 
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covered by means of hydrochloric acid 93 per cent; by glacial acetic 
acid 96 per cent; from a 2 per cent solution 85 and 87 per cent 
respectively; and from a 0.5 per cent solution 80 and 83 per cent 
respectively. 

The amount of nucleic acid recovered is practically constant at 
a given concentration and is not influenced by the presence of the 
pancreatin extracts used in this investigation. Glacial acetic 
acid offers some advantages over hydrochloric acid for precipita- 
tion of ribonucleic acid, since it forms a flocculent precipitate 
which can be easily washed on the centrifuge. The conditions 
for the optimal precipitation of yeast nucleic acid are as follows: 

With Glacial Acetic Acid—To 1 volume of approximately neutral 
nucleic acid solution (the concentration should be at least 1 per 
cent) are added 10 volumes of glacial acetic acid with stirring. 
After 20 minutes, the precipitate is centrifuged off and washed 
once with glacial acetic acid. 

With Hydrochloric Acid—0.2 cc. of concentrated hydrochloric 
acid is added drop by drop to 5 ce. of the neutral nucleic acid 
solution in a centrifuge tube. The oily precipitate very soon 
settles to the bottom and is centrifuged off immediately. The 
precipitate is washed once with 5 cc. of dilute hydrochloric acid 
(0.2 ee. of concentrated hydrochloric acid in 5 ce. of water). In 
the presence of tissue extracts, clear filtrates are obtained. 

Determination of Total Phosphorus in Nucleic Acid Precipitates 
—After combustion of the precipitate according to Kirk,*® the 
phosphorus was determined by Embden’s® original method. 
(The modifications introduced by Kirk, useful as they are for the 
manometric determination, cannot be applied in the gravimetric 
method.) For the first washing of the strychnine phosphomolyb- 
date, 0.7 per cent nitric acid, as recommended by Kirk, was used. 

Microdetermination of Purines—25 to 50 mg. of substance were 
hydrolyzed with 10 ec. of 2 per cent sulfuric acid. The purine 
bases were precipitated with silver sulfate, the precipitates washed 
with silver sulfate solution (not with water), decomposed with 
hydrochloric acid, and the nitrogen determination made by the 
micro-Kjeldahl method. 

The precipitation of the purines with silver sulfate is complete; 


® Kirk, E., J. Biol. Chem., 106, 191 (1934). 
* Embden, G., Z. physiol. Chem., 113, 138 (1921). 
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in comparison with Kriger and Schmid’s copper reagent,’® the 
silver method has the advantage that the adsorption of nitrogen- 
containing impurities is practically negligible and that the purines 
can be completely recovered from their silver compounds. 

Enzymes—The enzyme solutions were always prepared accord- 
ing to the method of Dubos. For some experiments, the solution 
was purified by dialysis for 12 to 16 hours against distilled water, 
with subsequent concentration of the dialyzed solution under 
reduced pressure to one-fifth of its original volume and precipita- 
tion with an excess of barium hydroxide solution. After 10 min- 
utes, the precipitate was centrifuged off and the solution neu- 
tralized with 5 N and (towards the end) with 1.0 N sulfuric acid. 
After centrifuging, the supernatant solution was used for the 
experiments. The principal purpose of this purification was to 
remove from the enzyme solution substances which would inter- 
fere with the isolation of the products of the enzymatic hydrolysis 
of the nucleic acid. 


Stability of Yeast Nucleic Acid under the pH Conditions of the 
Enzyme Experiments 


2 per cent solutions of sodium yeast nucleinate were incubated 
at pH 6.7 and pH 8.4 (time 16 hours, temperature 37°). The 
nucleic acid could be recovered quantitatively in both samples 
and the pH remained practically unchanged during the incuba- 
tion. 


Influence of Amount of Pancreatin on Rate of Hydrolysis 


Three samples (5 cc. each) of 10 per cent yeast nucleinate solu- 
tion were incubated during 16 hours at 37° with different amounts 
(Table I) of the Dubos solution. The total volume of each in- 
cubated solution = 25 cc.; pH = 6.7. After the incubation, the 
nucleic acid P was determined, the results being given in Table I. 

Time Curve of Enzyme Action—10 cc. of 10 per cent yeast nu- 
cleinate solution (warmed to 37°) were mixed with 100 cc. of di- 
alyzed Dubos solution (warmed to 37°) and the mixture (pH 6.7) 
incubated at 37° during various intervals of time. 


Schmidt, G., Z. physiol. Chem., 219, 191 (1933). Kriiger, M., and 
Schmid, J., Z. physiol. Chem., 46, 7 (1905). 
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At different intervals, samples (10 cc.) were pipetted off for 
the determination of nucleic acid. The results are given in 
Fig. 1. 

TABLE I 
Effect of Enzyme Concentration on Extent of Hydrolysis 


Unchanged nucleic acid recovered after digestion 
Amount of Dubos solution | 

















Phosphorus Nucleic acid 
ec mg. per cent 
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Fic. 1. Rate of enzyme action 


Nature of Degradation Products of Yeast Nucleic Acid during 
Digestion with Heated Pancreatin 


Freezing Point after Digestion with Enzyme—50 cc. of a 10 pert 
cent yeast nucleic acid solution were digested with 250 cc. of a 
dialyzed Dubos solution (20 hours, 37°). After concentration 
under diminished pressure, the solution was diluted to a volume 
of 50 ec. and the freezing point was determined. Found, Ay = 
— 1.85°. 

Control—The same amounts of nucleic acid and enzyme solu- 
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tions were incubated separately (20 hours, 37°), concentrated, 
mixed, and the mixture diluted to a volume of 50 cc. The freez- 
ing point was determined immediately afterwards. Found, Ar = 
—1.85°. The increase of A, after enzymatic hydrolysis was, 
As,= 0. 

Freezing Point after Digestion with NaOH—50 ec. of a 10 per 
cent solution of sodium yeast nucleinate were cooled to 0° and 
mixed with 5 cc. of a 33 per cent solution of sodium hydrox- 
ide. Freezing point determinations were made immediately and 
after 12 and 36 hours standing of the alkaline nucleinate solution 
at room temperature. The values found for A, after 0, 12, and 
36 hours standing were —2.29°, —2.57°, and — 2.65°, respectively. 


TaBLe II 


Total Phosphorus in Bag after Various Time Intervals 


Total P content in bag 


nee Calpe Incubated with water Incubated with 


yeast nucleic acid (b) — (a) 
(a) (6) 
hrs. mg. mg. mg. 
0 89.6 657 .0 567 .4 
6 79.7 683.8 604.1 
bay 69.5 646.6 577.1 
14 53.2 617.5 564.3 
19 36.8 592.8 556 .0 


The increase of A, after alkaline hydrolysis during 36 hours was 
Asp = —0.36°. 

Dialysis Experiments. Non-Dialyzability of Digestion Products 
—6500 cc. of enzyme solution (corresponding to 150 gm. of pan- 
creatin and purified by precipitation with barium hydroxide) were 
incubated with 100 ce. of a 10 per cent solution of sodium yeast 
nucleinate (12 hours, 37°, pH 6.7). After the incubation, only 
31.8 per cent of the nucleic acid remained precipitable with glacial 
acetic acid. 

Another portion of the enzyme solution was incubated with 
water under the same conditions. 

Each of the digested solutions was concentrated under reduced 
pressure to a volume of 160 cc. and then dialyzed during 19 hours. 
The values of the total phosphorus in the bag, at different stages 
of the dialysis, are given in Table II. The last column records the 
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difference between the corresponding values in the bags with and 
without the digested yeast nucleic acid. 

Dialyzability of Mononucleotides—10 gm. of yeast nucleic acid 
were hydrolyzed according to Steudel and Peiser.*® 

This mixture was neutralized by means of acetic acid and 
dialyzed under the conditions described above. After dialysis 
during 4 hours, only 36.5 per cent of the initial nucleic acid P re- 
mained in the bag; after 12 hours, all but 8.6 per cent of the nu- 
cleic acid P had passed through the cellophane membrane. 
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Fic. 2. Dialysis of mononucleotides 


The results of both dialysis experiments are shown graphically 
in Fig. 2. 

Fractionation of Digestion Products—Yor the time being, the 
fractionation was limited to the separation of the product of en- 
zymatic action into two parts; one insoluble in hydrochloric acid 
(Fraction I), the other soluble (Fraction IT). 

Fraction II could be precipitated almost quantitatively by 
means of barium acetate in 30 per cent aqueous methyl alcohol 
solution. No attempt has so far been made to obtain further frac- 
tionation. 

Composition of Fraction I. Preparation—20 gm. of yeast nu- 
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cleinate were digested with 1000 cc. of purified Dubos solution 
(see above) (corresponding to 200 gm. of pancreatin, Parke, Davis) 
until the mixture yielded only a slight precipitate with glacial 
acetic acid. Incubation at 37° during a period of 12 to 24 hours 
was usually sufficient to reach this stage of digestion. The solu- 
tion was then concentrated under reduced pressure to a volume of 
150 to 200 cc. During the concentration the acidity was observed 
several times and adjusted to neutrality towards litmus paper by 
means of sodium hydroxide or acetic acid. To the cooled con- 
centrate, a 25 per cent hydrochloric acid solution was added in 
small portions until the precipitation was complete. The precip- 
itate was immediately centrifuged off, redissolved by being sus- 
pended in water and neutralized with sodium hydroxide, and re- 
precipitated by the addition of hydrochloric acid. The sticky 
precipitate was quickly washed in the centrifuge with 0.5 N hydro- 
chloric acid and then ground up and carefully washed with 95 per 
cent alcohol. Finally, it was left overnight under absolute al- 
cohol and then washed with absolute alcohol and dry ether. 

The product was analyzed for total N, purine N, and P. In 
addition, the purine bases were isolated according to the method of 
Levene." @ 

Analysis of Fraction I. Total N—5.681 mg. of substance (dried 
at 100°) yielded 0.666 cc. of Nz (28°, 762 mm.). Found, N 13.33 
per cent. 

Purine N—The silver precipitate, obtained from the hydrolysate 
of 72.5 mg. of Fraction I was analyzed for nitrogen by the Kjel- 
dahl method. 4.68 cc. of 0.1 ~ H,SO, were consumed. Found, 
purine N 9.1 per cent. 

Total P—An aqueous solution of the ash from 95.5 mg. of sub- 
stance (dried at 100°) was diluted to 100 ce. 5 ce. of this solution 
yielded 33.8 mg. of strychnine phosphomolybdate. Found, P 
7.92 per cent. 

Isolation of Purine Bases—From the hydrolysate of 2.755 gm. 
of Fraction I, 290 mg. of crude guanine and 680 mg. of adenine 
picrate were isolated. The guanine had the following composition. 


3.038 mg. substance: 1.235 cc. N, (27° and 761 mm.) 
C;H;ON;. Calculated, N 46.35; found, N 46.04 

1! Levene, P. A., J. Biol. Chem., 68, 441 (1922). 

12 Levene, P. A., and Jorpes, E., J. Biol. Chem., 86, 389 (1930). 
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The adenine picrate was recrystallized once from water. It 
had the following composition. 


3.012 mg. substance: 0.820 ec. N» (27° and 753 mm.) 
CsHsNs5-CeH;O;N;. Calculated, N 30.76; found, N 30.68 


From the above figures, the following ratios may be calculated. 


purine N 





N 
Yeast nucleic acid. Calculated. = 1.69, — = ().67 
P total N 
N purine N 
F d. = 1.72, —— = 0.68 
vane aes total N 


Comparison of Solubilities of Fraction I and Yeast Nucleic Acid 
in Hydrochloric Acid and Acetic Acid—Solutions containing the 
neutral sodium salts of yeast nucleic acid or the neutral salt of 
Fraction I, in various concentrations, were precipitated (a) by 
addition of 0.04 volume of concentrated hydrochloric acid, (b) by 
addition of 5 volumes of glacial acetic acid, (c) by addition of 10 
volumes of glacial acetic acid. The total phosphorus content of 
the precipitates was then determined. 

The results of the experiments with yeast nucleic acid are shown 
in Fig. 3; the results with Fraction I, in Fig. 4. The abscisse 
represent the concentration of the solution, the ordinates the 
values of the total phosphorus of the precipitates. Each figure 
contains three curves, Curve A representing the results with hydro- 
chloric acid, Curve B with 5 volumes, and Curve C with 10 vol- 
umes of glacial acetic acid. 

Fraction II—The supernatant liquor from Fraction I was 
rendered alkaline (pH 8) with sodium hydroxide. After addition of 
one-third of its volume of absolute methyl alcohol, the solution was 
precipitated with a slight excess of barium acetate solution in 33 
per cent aqueous methyl alcohol. The precipitate was washed 
with 33 per cent aqueous methyl! alcohol, redissolved by suspend- 
ing in water and acidifying with the minimum of concentrated 
hydrochloric acid, and reprecipitated by neutralization with baryta 
water with subsequent addition of one-third of its volume of methyl 
alcohol and of a solution of barium acetate in methyl! alcohol. 

The barium salt was washed with 30 per cent methyl! alcohol 
and finally with absolute ethyl alcohol and dry ether. 
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Analysis of Fraction II. Total N—5.300 mg. of substance 
yielded 0.504 ec. of Nz at 29° and 760 mm. Found, N 10.74 per 
cent. 

Purine N—The silver precipitate, obtained from the hydrolysate 
of 402 mg. of Fraction II was analyzed for nitrogen by the Kjel- 
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Fic. 3. Precipitability of yeast nucleic acid. 
Fic. 4. Precipitability of Fraction I. 


dahl method. 19.1 ec. of 0.1 N H:SO, were consumed. Found, 
N 6.65 per cent. 

Total P—The ash solution of 47.6 mg. was brought to a volume 
of 100 ce. 25 ce. of this solution yielded 69.6 mg. of strychnine 
phosphomolybdate. Found, P 6.55 per cent. 

Ba—4.02 gm. of substance yielded 1.2736 gm. of BaSQ,. 
Found, Ba 17.78 per cent. 

Isolation of Purine Bases—From the hydrolysate of 3.48 gm. of 
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Fraction II, 300 mg. of crude guanine and 500 mg. of adenine 
picrate were isolated. 

Identification of Purine Bases—The guanine was purified in the 
usual way. 





3.175 mg. substance: 1.289 ec. N, (28° and 759 mm.) 
C;H,ON;. Calculated, N 46.35; found, N 45.95 


The adenine picrate was recrystallized twice. 


3.592 mg. substance: 0.963 cc. N, (26° and 764 mm.) 
C;H;N5-CsH,0Ns. Calculated, N 30.76; found, N 30.75 


From the above figures, the following ratios result (the numbers 
in parentheses represent the values as calculated for yeast nucleic 


acid). 
N purine N 
= 1.64 (1.69), ——— = ().62 (0.66) 
P vanes total N 
leni 
Molar ratio, i = 0.45 (0.50) 


total purine bases 


uanine 
= ~ = ().52 (0.50) 
total purine bases 

















THE DIFFUSION OF TOBACCO MOSAIC VIRUS 
PROTEIN IN AQUEOUS SOLUTION 


By HANS NEURATH anv ARTHUR M. SAUM 
(From the Department of Chemistry, Cornell University, Ithaca) 


(Received for publication, June 22, 1938) 


From a knowledge of the sedimentation constant and the diffu- 
sion constant, the molecular weight of a large number of proteins 
has been determined by means of the following relationship (1), 


RTs 


~ (l— Vp)D (1) 


M 
where M is the molecular weight, s the sedimentation constant, 
V the partial specific volume of the solute, and D the diffusion 
constant. 

For elongated particles, the molecular weight can be estimated 
from diffusion data and viscosity data alone, with an equation 
derived by Perrin (2), 

D_ Vae/e tn Lt V1 — (a2/b*) 


D> Vi— (a/b) n a/b (2) 


where D is the observed diffusion constant, D® the diffusion con- 
stant on the assumption of spherical molecules, and a/b the ratio 
of short to long axis of the ellipsoid of revolution. The ratio of 
the axes can, as a first approximation, be obtained from viscosity 
measurements of dilute protein solutions, with Kuhn’s equation 
(3). 

*-1-= a(28 + (ort) (3) 


no 
Here 7/n is the relative viscosity and G the concentration of the 
solute in volume per cent.! 


1 The general validity of this equation is open to various objections. 
Guth (4) derived, on the basis of a prolate ellipsoid, an equation which 
becomes identical with Kuhn’s equation if b > a. 
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436 Diffusion of Virus Protein 


Measurements of the sedimentation constant of tobacco mosaic 
virus protein have been reported by Eriksson-Quensel and Sved- 
berg (5) and by Wyckoff (6-8) and probable values of the relative 
dimensions of this protein have been computed recently from 
viscosity data (9). In order to determine the molecular weight 
from either of the above equations (Equations 1 and 2) the diffu- 
sion constant must be known. We have carried out diffusion 
measurements with preparations of tobacco mosaic virus protein, 
kindly placed at our disposal by Dr. W. M. Stanley. This paper 
describes results of such measurements by the refractometric 
method of Lamm (10). 


Material and Methods 


Tobacco mosaic virus protein, dissolved in 0.1 m phosphate 
buffer at pH 6.8, was prepared by the chemical method of Stanley 
(11). The solutions showed streaming double refraction and re- 
mained practically stable even after 4 months storage at 2°. 
Before each measurement, the protein solutions were allowed to 
dialyze for several days at 2° against 0.1 m phosphate buffer 
through cellophane membranes, the dialysate being used as solvent 
for the diffusion process. 

The diffusion apparatus was built in this laboratory according 
to the specifications given by Lamm (10) with but slight modifica- 
tions. The diffusion cell was of stainless steel with plane parallel 
windows, and the slide was made of lucite. The lens of the camera 
and the windows of the thermostat were of quartz. The green 
band of a mercury are served as light source and light filters con- 
sisted of Corning filters No. 351 and No. 512 and of a solution of 
copper chloride in methanol. The photographic plates were 
Eastman Kodak spectroscopic plates GV, sensitized for the green. 
The photographic enlargement factor was 1.201, the aperture of the 
lens 60.0cm. The scale was a mm. scale subdivided into 0.5 mm. 
in the region near the center of the cell. All measurements refer 
to 25° + 0.002°. A detailed account of the diffusion apparatus 
will be given in a subsequent publication. 


Results 


The displacement of each scale line was plotted against the 
position of the displaced line in the usual manner and the diffusion 
constants calculated with the following equation (10). 
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p=%< ( _ Vy (4) 

No 2t l 
where D = diffusion constant in sq. em. per second, » = viscosity 
of solvent, no = viscosity of water,t = time elapsed in seconds, 
((l — 6)/l)? = 0.8985. The uniformity of thedispersion was studied 
by the statistical method described by Lamm (10), which consists 


of comparing the normal dispersion curve with the experimental 
one in normal coordinates. 


Tasie | 
Results of Diffusion Measurements of Tobacco Mosaic Virus Protein 


=(S) = summation over all ordinates, Xmax. = maximum ordinate in 
normal coordinates, D = diffusion constant in sq. em. per second. 


—_ |u| oo 28) Xmas. D 
per cent sec. 108 108 
l 0.2* 77 , 220 252.2 2.93 
141,780 255.9 2.74 
2 0.5 94, 260 305.1 0.456 3.13 
160,140 322.3 0.448 2.98 
325,800 | 332.4 2.92 
3 1.0 431,580 378.7 0.500 2.00 
526 , 500 391.0 2.12 
594,540 400.2 0.510 2.08 
4 1.5 525, 900 554.5 0.458 2.39 
837 , 420 572.9 0.488 2.38 


* The accuracy of this experiment was somewhat inhibited by the small 
displacements of the scale lines in this low protein concentration. 


Table I gives the results of diffusion measurements in four differ- 
ent concentrations of virus protein. Figs. 1 and 2 illustrate two 
typical diffusion curves in normal coordinates. 

Inspection of Table I and Figs. 1 and 2 reveals a considerable 
deviation from the ideal dispersion curve in respect to both the 
maximal displacement and symmetry. It has been shown that 
chemically prepared tobacco mosaic is polydisperse (5, 6) and that 
ultracentrifugally prepared virus protein becomes polydisperse if 
placed in phosphate buffer and allowed to stand (7). Recent 
ultracentrifugal studies suggest that this polydispersity is brought 
about by contact of the virus protein with salt, since in the absence 
of electrolytes only one particle size could be detected (7). Inas- 
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Fic. 1. Diffusion curve and ideal distribution points of 0.5 per cent virus 
protein in normal coordinates. The abscissa represents the distance from 
the boundary; ordinate, displacement of scale lines. 
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Fia. 2. Diffusion curve and ideal distribution points of 1 per cent virus 
protein in normal coordinates. The abscissa represents the distance from 
the boundary; ordinate, displacement of scale lines. 
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much as our measurements were carried out with chemically 
prepared virus protein in the presence of phosphate buffer, it is 
reasonable to assume that the anomalous maximum displacement 
may be partly due to polydispersity. 

The independence of the diffusion constant, D, of time, as well 
as the slight variations of = (S) with time, justifies the conclusion 
that, under the given experimental conditions, the diffusion process 
proceeds in a normal way. Hence we can regard the values of D 
as expressing average values of the diffusion constant of all par- 
ticle species present.‘ 

The asymmetric shape of the diffusion curves, the shift of the 
maximum ordinate towards the side of the solvent, and possibly 
also the anomalous maximum displacement are apparently due to 
an acceleration of the rate of diffusion as the particles migrate from 


Tasie Il 
Average Distance between Virus Molecules in Relation to Concentration 














Concentration | Distance 
eS a ae Se = = Sar tS eee ee eidebed 
per cent 10° em. 
1.5 | 1.77 
1.0 2.02 
0.5 2.55 
0.2 3.46 


0.05 5.50 


the solution into the solvent. In many instances, similar effects 
have been ascribed to a charge effect. There is, however, but 
little likelihood that in the presence of 0.1 m phosphate buffer a 
diffusion potential arises in spite of the protein being negatively 
charged at pH 6.8.° 

Mutual hindrance of solute particles from free diffusion may be 
considered as a more important factor responsible for anomalous 
diffusion. From an average particle weight of 50,000,000 (9), 


? Apparently this method of calculation allows one to compute average 
diffusion constants in the case of uniform and also non-uniform diffusion. 
The calculation of D from two ordinates of the curve would fail however, 
as the special composition of the solution varies along the z direction (10). 

* Usually diffusion potentials of colloidal solutions can be considered 
to become negligible if the conductivity of the electrolytes present in the 
solution is about 50 times as high as that of the colloidal material. 
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we have calculated the mean interparticle distance for the various 
concentrations of virus protein used in this research, and have 
arrived at the values given in Table II. 

In a previous communication (9), the length of the major axis 
of rod-shaped virus particles has been estimated and found to be 
about 4 X 10-°em. This value is decidedly larger than the aver- 
age interparticle distance in the range of concentration inves- 
tigated and it appears to be very likely that the observed devia- 
tions from the ideal diffusion process are due to mutual interference 
between the solute particles. A comparison between the observed 
diffusion constant and the concentration reveals indeed that, 
within the limits of the experimental error, the diffusion constant 
is highest for lowest protein concentrations. Likewise, the ex- 
perimental diffusion curve approaches the ideal curve with increas- 
ing dilution. 


DISCUSSION 


Taking 3 X 10~* as the average value of the diffusion constant 
of our material and 0.73 as the partial specific volume (12), we 
have calculated the molecular weight of tobacco mosaic virus pro- 
tein with the aid of Equation 1. Eriksson-Quensel and Svedberg 
(5) reported an average sedimentation constant of 235 K 10~-" for 
polydisperse solutions of chemically prepared virus protein. 
Using more carefully prepared material, Wyckoff (6) found the 
presence of two molecular components‘ with sedimentation con- 
stants of 174 X 10-" and about 200 X 10-". It was only in 
certain cases that aggregation increased to such an extent as to 
produce a sedimentation constant of about 235 xX 10~-" (8). 
Using the value of s = 200 X 10~-", we calculated a molecular 
weight of 68,400,000 (or 59,000,000, if the lower sedimentation 
constant is used). As our solutions had been standing longer 
than 2 months before the diffusion experiments, we are inclined to 
attach more significance to the higher value. 

It has been reported that a stable, monodisperse solution of 
this protein can be obtained only in the absence of electrolytes 
(7). We have attempted to carry out diffusion measurements 


* Chemically prepared virus proteins showed the presence of a single 
molecular component (s = 174 X 10~") only if the protein was extracted 
from the plants shortly after inoculation (8). 
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with a sample of tobacco mosaic virus protein prepared by re- 
peated ultracentrifugation of infected juice, using distilled water 
as solvent. Preliminary experiments failed, however, owing to 
the formation of a yellow, tenuous film at the boundary between 
solvent and solution 24 hours after the diffusion cell had been 
placed in the thermostat.’ No further experiments with this prep- 
aration were performed, as it was to be expected that in the ab- 
sence of electrolytes a diffusion potential would arise at pH 6 
(the isoelectric point of this protein is about pH 3.5 (5)). 

It is very probable that the diffusion constant of monodisperse 
solutions does not differ greatly from that of our solutions, and, 
as a first approximation, we can consider the calculated value of 
59,000,000 to be the molecular weight of monodisperse tobacco 
mosaic virus protein. The value of 17,000,000, previously re- 
ported (5), is definitely too low and was based on an arbitrary dis- 
symmetry constant of 1.3. 

In addition we have calculated the molecular weight using 
Perrin’s equation which, as stated, relates the diffusion constant 
to the shape of the molecules (14). Assuming a value of b/a of 
37 (9), we obtained a value of M = 90,000,000. This discrepancy 
we attribute to the very elongated shape of virus molecules. Such 
anisotropic molecules will show an orientation in the streaming 
liquid (13) parallel to the direction of flow, whereas the distribu- 
tion will be random in the liquid at rest. Hence the observed vis- 
cosity and the ratio of the axes calculated from it are probably 
lower than those which actually obtain. This would explain the 
high molecular weight calculated from viscosity and diffusion data. 
The molecular weight of 42,600,000 calculated from the sedimenta- 
tion constant and viscosity data (9) may for the same reason be 
regarded as too low. This conclusion emerges from the fact that 
the relative viscosity of monodisperse virus protein solutions is the 
same as that of polydisperse solutions, when measured with an 
Ostwald viscosimeter (9). It should be different, however, as par- 
tial aggregation of molecules would change their average length to 
width ratio. Viscosity measurements under very low hydrostatic 
pressures may confirm our considerations. 

5 In addition we found that separation into twe optically different layers, 


as described previously (12, 13), occurred during dialysis of this material 
against distilled water, even in concentrations as low as 4 mg. per cc. 
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In order to get an idea of the true shape of tobacco mosaic virus 
protein, we have calculated its dissymmetry constant from the 
sedimentation constant and the molecular weight (1). For M = 
59,000,000 and s = 174 X 10-" the dissymmetry constant is 
3.12, whereas it is 3.00 if the respective values for the heavier 
component are used. The ratio of the axes, calculated from these 
values by Perrin’s equation, is 1:52 and 1:56 respectively. This 
would, on the assumption of a prolate ellipsoid, correspond to a 
particle of about 14 my in diameter and 720 mz in length. 


SUMMARY 


Diffusion measurements of tobacco mosaic virus protein, pre- 
pared by the chemical method of Stanley, and dissolved in 0.1 m 
phosphate buffer, have been carried out by means of the refracto- 
metric method of Lamm. The observed diffusion constant is about 
3 X 10-* sq. em. per second in the most dilute solutions. The 
average molecular weights calculated from this value and the 
sedimentation constants are about 64,800,000 for the heavier 
component and about 59,000,000 for the normal component. 
The ratio of the axes, computed from these values, is about 1:55. 
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It is well known that the viscosity of a liquid is a measure of its 
resistance to shear. Upon the introduction of small solid objects 
into a viscous medium, the internal motion of the liquid when 
caused to flow is made more complicated than it would be other- 
wise and the resistance to shear is thereby increased. Einstein 
(4) has derived the following formula relating the viscosity of a 
suspension of solid spheres (») to the viscosity of the solvent (no) 
and the fraction of the total volume occupied by the spheres 
(G). 


2 _4= 250 (1) 
No 


If the spherical particles have electrical charges, the internal mo- 
tion of the liquid will be complicated still further and the increase 
in viscosity will be greater than that given by the Einstein equa- 
tion. Von Smoluchowski (19) has formulated the following rela- 
tionship, taking into account this additional effect. 


D\: 
~-1 ~ 250 (1+ (22) =) (2) 
No 2x / mr 


where ¢ is the electrokinetic potential, D is the dielectric constant 
of the medium, R is the specific electrical resistance, and r is the 
radius of the spheres. 

The contribution to the internal friction of a liquid made by a 
rod-like particle oriented perpendicular to the direction of motion 
of the liquid is greater than that of a sphere of equal volume. 
However, the contribution of a rod-shaped particle oriented paral- 
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lel to the direction of motion is less than when oriented per- 
pendicularly. Kuhn (11) has derived the following equation for 
the viscosity of a suspension of randomly oriented rod-like par- 
ticles. 


G (o\? 
. a - 280 +2 (*) (3) 
No 16 \a 


where b/a is the ratio of length to diameter of the particles. The 
model which Kuhn used to approximate a rod consisted of a num- 
ber of rigidly joined spheres. Guth (9) derived the same equation 
for a rod-like model consisting of an ellipsoid of revolution. An 
alternate equation has been derived by Eisenschitz (6) for a model 
consisting of an ellipsoid of revolution, which reduces to the follow- 
ing form for particles in which the length greatly exceeds the 
diameter. 

” (b/a)* 


~ 1 = @ an 20b/a) — G2) «@ 


The unsimplified form of this equation reduces to the Einstein 
equation just as does the Kuhn-Guth equation for particles in 
which b/a = 1. If one assumes that the particles are completely 
oriented by the streaming liquid, the contribution to the viscosity 
of the liquid will be much less and will be given, according to 
Eisenschitz (5), by the following equation. 
” 1.15 (b/a) 
oS nse) sad 
It has been established that the molecules of the tobacco mosaic 
virus protein are rod-shaped (1-3, 13, 14, 22). Studies on the vis- 
cosity of solutions of the protein have been reported by Stanley 
(20), by Frampton and Neurath (8), and by Lauffer (12). The 
interpretation of such viscosity data is seen to be fraught with a 
considerable degree of uncertainty. If it is assumed that the rod- 
like particles are not appreciably charged (see Equation 2), that 
they are not appreciably oriented in the stream of the viscometer, 
and that they are not appreciably hydrated, it is permissible to 
apply the Kuhn-Guth or Eisenschitz equations (Equation 3 or 4). 
It is a known fact that the rod-like particles of the tobacco mosaic 
virus protein do orient somewhat in a flowing stream, for the 
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material shows stream double refraction under such circumstances. 
Furthermore, from the results of Mehl (15), one would expect a 
considerable degree of orientation of particles in a viscous system 
with a velocity gradient of the order encountered in a capillary 
viscometer. However, complete orientation should not be en- 
countered in the rod-like particles of tobacco mosaic virus protein 
because of the finite thickness of the particles and because of the 
effect of Brownian movement. When either Equation 3 or.Equa- 
tion 4 is used, therefore, it must be remembered that the asym- 
metry calculated should be too small. 


Presentation and Discussion of Results 


Viscosity As Function of Concentration—The viscosities reported 
in this study were measured, with a high precision quartz viscom- 
eter,' on very dilute solutions of several independently isolated 
samples of the protein prepared by ultracentrifugation repeated 
four or five times. The kinetic energy correction was applied in 
those few cases in which it was appreciable. In Table I are given 
the results of measurements of the specific viscosity of the tobacco 
mosaic virus protein dissolved in water at various concentrations. 
A linear relationship is seen to hold between specific viscosity and 
concentration in the lowest concentration ranges, showing that 
there is no interaction between particles at those concentrations. 
This linearity does not hold for solutions as concentrated as 1 per 
cent. Neurath and Saum (17) found anomalous diffusion for 
tobacco mosaic virus protein at a concentration of 1 per cent, 
which they explained as being due to interaction between the par- 
ticles. 

Interpreted by means of Equation 3, the results of Table I in- 
dicate a ratio of particle length to thickness of about 35:1, and 


! The author wishes to express his gratitude to Dr. D. A. MacInnes and 
Dr. L. G. Longsworth for the use of the quartz viscometer and the facilities 
of their laboratory. 

? Although the data found in this study indicate that the specific vis- 
cosity of ultracentrifugally isolated tobacco mosaic virus protein is a con- 
stant property from preparation to preparation, results obtained in another 
connection seem to indicate that the specific viscosity is somewhat depend- 
ent upon the treatment given the protein during its isolation. This 
observation may explain the difference between the results of Stanley (20) 
and those presented in this paper. 
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with use of Equation 4 this value turns out to be about 63. With 
knowledge of the shape of the tobacco mosaic virus protein par- 
ticles, the sedimentation studies reported by Eriksson-Quensel 
and Svedberg (7) and by Wyckoff (24, 26) may be interpreted 
somewhat more fully than was previously possible. An equation 
which may take the following form has been derived, expressing 
the dissymmetry factor used by Svedberg (21), f/fo, as a function 


TABLE | 


Specific Viscosities of Aqueous Solutions of Tobacco Mosaic Virus Protein 





at 20° 
-1 | c | (mm) 1 
| gm. protein per cc. solution 
0.0059 0.000099 59.60 
0.0165 (0.000296 55.74 
0.0272 0.000458 59.39 
0.0278 0.000494 56.28 
0.0542 0.000920 58.91 
0.0566 0.000988 57.29 
0.6009 | 0.009200 | 65.25 





of the ratio of the major to the minor axes of the colloidal particles 
regarded as being rod-like ellipsoids of revolution (10, 18). 


So a _(a/b)4 athe 1 + V1 — (a/b)? 6) 
i vi-@ey a/b 


Once this dissymmetry factor is known, the molecular weight of 
the suspended particles may be calculated with the equation (21). 


ep M(1 — Vd) E 

fo GxnoN8m(3MV/4xN)! @ 
M is the molecular weight, V is the partial specific volume of the 
protein taken to be 0.73 (1, 20), d is the density of the solvent, 
N is Avogadro’s constant, and s2 is the sedimentation constant 
taken to be 174 XK 10-" (24). With the value for b/a obtained 
from Equation 3, a molecular weight of 42.6 10° is obtained 
for the tobacco mosaic virus protein. This corresponds to par- 
ticles 12.3 my in diameter and 430 my in length. With the value 
of b/a obtained from Equation 4, a value for M of 63.2 X 10°, 
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corresponding to particles 11.5 my in diameter and 725 my in 
length, is obtained. Both of these sets of values are of the same 
order of magnitude as those determined by diffusion (8, 16, 17), 
stream double refraction (15), ultrafiltration (1, 23), and x-ray 
diffraction (2, 3) studies. 

Even though no high degree of reliability can be ascribed to the 
results of any of the methods just considered, since the agreement 
obtained in the results of the several independent methods is 
fairly good, it seems reasonable to assume that the size and shape 
of the tobacco mosaic virus protein particles actually are of the 
order of those indicated by these studies. As a working model, the 
tobacco mosaic virus protein molecule may be regarded as being 
a cylindrical body, 12.3 my in diameter and 430 my in length, 
having a molecular weight of 42.6 XX 10°. With this model 
it is possible to interpret the rather puzzling observation that 
chemically isolated preparations of the protein and ultracentri- 
fugally isolated preparations which have remained in contact with 
electrolytes show two sedimentation boundaries in the ultracentri- 
fuge, one with a sedimentation constant of about 174 & 10-" and 
the other with a constant of 200 X 10~-" (24). The most carefully 
prepared protein has a single constant of 174 XK 10-". The sim- 
plest way to dispose of this second boundary is to regard it as being 
due to a second component formed by the association of the par- 
ticles represented by the slower moving boundary. If 2 rod- 
shaped molecules having the dimensions of the working model 
from a supply having a sedimentation constant of 174 xX 10-" 
associate end to end, they will contribute to a second supply hav- 
ing a molecular weight of 85 X 10° and a ratio of particle length to 
diameter of 70. With Equations 6 and 7, it can be shown that 
such a supply would have a sedimentation constant of 202 x 
10-", a figure in very good agreement with the experimental value 
of 200 X 10-". Similar calculations made with a particle having 
the dimensions found from Equation 4 as a model would yield a 
value for the sedimentation constant of the second component 
somewhat under the observed one. Some model intermediate 
between the two would yield the exact value. This good agree- 
ment between calculated and observed sedimentation constants of 
the second component is evidence in favor of the essential correct- 
ness of the model chosen, as well as for the explanation of the 
origin of the second boundary. 
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By combining Equations 6 and 7 and by assuming, as was done 
above, that the faster moving boundary represents particles 
formed by the end to end association of two particles from the 
slower moving supply, it is possible to write two simultaneous 
equations involving only M and b/a of the original particles as 
variables. Hence M and b/a may be evaluated from the sedimen- 
tation constants of the two species present in double boundaried 
preparations. Wyckoff (25) has given the sedimentation con- 
stants of double boundaried preparations of the protein of aucuba 
mosaic virus, a strain of tobacco mosaic virus, as 185 K 10~-" and 
220 X 10-*. According to the method here described, the molec- 
ular weight of the slower component of the aucuba mosaic virus 
protein is found to be about 32.5 X 10°, corresponding to particles 
with a length of 267 my and a diameter of 13.7 mu. The molec- 
ular weight of the second component would be about 65 X 10°, 
corresponding to particles 534 my long and 13.7 my in diameter. 
It should be emphasized that the nature of the assumptions made 
in this calculation cause the molecular weight derived from it to 
be a minimum value, for, if any type of association other than a 
perfect end to end type is assumed, the values obtained for the 
molecular weight and the dissymmetry of the original molecules 
will be greater than those obtained in this case. 

In a manner similar to that used in the calculation of the sedi- 
mentation constant of the heavy component of tobacco mosaic 
virus protein, it can be shown that, if the tobacco mosaic virus 
protein represented by the sedimentation constant of 174 « 10-" 
is to be regarded as being in an associated state itself, as some 
workers believe, then the maximum sedimentation constant which 
could possibly be shown by the hypothetical original molecules 
(particles one-half as long but of the same diameter as the model) 
would be 145 X 10-". No evidence from the ultracentrifuge for 
any active component having such a sedimentation constant or a 
lower one has as yet been reported, even in studies on unpurified 
juice from diseased tobacco plants (26). 

Viscosity As Function of pH—In Table II are presented the 
results of viscosity measurements on solutions of the protein in 
buffers of ionic strength of 0.02 at various values of pH. These 
measurements were carried out on solutions containing about 0.5 
mg. of protein per cc. It is seen that in the alkaline range the 
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viscosity falls off gradually as pH increases. In the range between 
pH 5.5 and about 7, the specific viscosity is essentially constant, 
but it rises sharply between 5.5 and 4.2. Very near the isoelectric 
point there is a minimum with a value about equal to that ob- 
tained at pH 6. On the acid side of the isoelectric point there is : 
second maximum followed by a second minimum. Interpreted 
in terms of the Kuhn-Guth or Ejisenschitz theories, these data 
indicate that in the alkaline range there is a dissociation of the 
molecule into simple, less asymmetrical units, and that, as one 


TaBLe II 


Specific Viscosity of Tobacco Mosaic Virus Protein in Buffers at Various 
Hydrogen lon Concentrations* 


Buffer system pH is m = 
NaCl-NaOH 10.61 9.4 
Na.B,O,;-HCl 8.92 29.2 

2. ; ; 8.27 35.2 

™ , na m3 7.69 43.0 
NaAc-HCl....... rr < 6.51 47.6 
> ee re ‘ea 6.03 47.6 

en WS cuchdnades 5.53 | 49.0 

' ees Math do cettadeadelee 4.97 139.4 

" 4.24 223.0 

as 3.74 50.2 
NaCl-HCl 3.03 95.8 
= 2.12 49.8 


* The concentration of protein is expressed as gm. per cc., ionic strength, 


approaches the isoelectric point from either side, one encounters, 
first, an end to end association of molecules to form new particles 
of greater asymmetry, and, finally, a side to side association of the 
long particles to form less asymmetrical crystals of length and 
thickness within the range of microscopic visibility in which the 
rod-shaped molecules are arranged side by side and end to end. 
Studies of the double refraction of flow of the tobacco mosaic 
virus protein in buffers of various pH values confirm in general 
the conclusion drawn from the viscosity data. As is seen in Fig. 1, 
the stream double refraction of tobacco mosaic virus protein, 
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measured by the method described by Lauffer and Stanley (14), is 
at a maximum in the region of the isoelectric point and decreases 
above pH 6 and below pH 3. The increased double refraction in 
the region of the isoelectric point may be regarded as being due 
to the end to end association of the rod-shaped molecules to form 
particles of greater length, which, therefore, orient to a greater 
extent. It should be noted that stream double refraction begins 
to increase at a pH value somewhat higher than that at which the 
viscosity begins to increase, and that no minimum is observed 
very near the isoelectric point. The difference in behavior be- 


EFFECT OF pH ON SD. R OF TOBACCO MOSAIC VIRUS PROTEIN 
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Fic. 1. The effect of pH on the stream double refraction of tobacco 
mosaic virus protein. The measurements were made on solutions contain- 
ing about 0.25 mg. of tobacco mosaic virus protein perce. Double refraction 
is reported as galvanometer deflections in mm., to which it is approximately 
proportional. 


tween stream double refraction and viscosity very near the iso- 
electric point is probably due to the fact that the viscosity is a 
function of the length and thickness of the particles, whereas 
stream double refraction is concerned only with the length. If 
very thin long particles associate side to side at the isoelectric 
point, the viscosity should decrease, but the stream double refrac- 
tion may well be unaffected. These stream double refraction 
data are entirely consistent with the observation of Mehl that the 
rotational diffusion constant of the protein, as estimated from 
stream double refraction data, is much less around pH 4.5 than at 
6.8 (15). This rotational diffusion constant is regarded as being 
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inversely proportional to the cube of the particle length, and hence 
Mehl’s results indicate particles of much greater length at pH 4.5 
than at pH 6.8. 

Viscosity As Function of Ionic Strength—In Table III are pre- 
sented the results of a study of the effect of electrolytes on the 
specific viscosity of tobacco mosaic virus protein. It may be seen 
that the specific viscosity decreases with increasing ionic strength 
of the electrolyte. It seems reasonable to suppose that this 
change is due to the electroviscous effect (Equation 2) (19). The 
electrokinetic potential, ¢, is regarded as being a function of the 
electrical charge on the colloidal particle and the thickness of the 
double layer; 7.e., the distance between the charged surface and 
the electrical center of the atmosphere of oppositely charged ions 
in the liquid surrounding the particle. This distance turns out 





TaBLe III 
Effect of Electrolytes on Specific Viscosity of Tobacco Mosaic Virus Protein* 
Solvent | Tonic strength | pH (n/m) = 1 
| | ; 
Distilled water | Very small | 6.5 57.87 
NaAc-HC!. 0.020 | 65 | 47.6 
K.HPO,-KH,PO, (2.2:1). , ea 0.053 7.3 46.0 
- (2.2:1) oa 0.119 7.1 39.6 
0.238 | 7.2 42.7 


" (2.2:1) 


* The concentration of protein is expressed as gm. per cc. 


to be inversely proportional to the square root of the ionic strength. 
Hence, the electrokinetic potential, and therefore the electrovis- 
cous effect, would be expected to vanish in solutions of high 
ionic strength. In making a calculation of the asymmetry of the 
particle, it perhaps would seem to be well to use the minimum 
value for specific viscosity obtained in solvents of high ionic 
strength, because in such solvents both R and ¢ found in Equation 
2 are low and, hence, the specific viscosity of the protein would 
be due largely to its shape. Such a procedure would result in a 
lower value of the asymmetry than that reported for the protein. 
However, since this low value would probably be too low because 
of the orientation of the particles due to streaming in the viscom- 
eter, it seems desirable to allow these two errors to compensate 
each other partially. 
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SUMMARY 


From measurements of the specific viscosity of tobacco mosaic 
virus protein solutions used in conjunction with sedimentation 
data, the size and shape of the tobacco mosaic virus protein mole- 
cule have been estimated. Two alternate sets of values are ob- 
tained, one corresponding to rod-like particles having a molecular 
weight of 42.6 < 10°, a diameter of 12.3 muy, and a length of 430 
my, and the other corresponding to rod-like particles having a 
molecular weight of 63.2 X 10°, a diameter of 11.5 mu, and a length 
of 725 mu. Both of these sets of values are of the same order of 
magnitude as the values obtained from stream double refraction, 
diffusion, ultrafiltration, and x-ray diffraction data. In terms of 
a model arbitrarily chosen to have the dimensions of the first 
set of values, it was shown that a second component, whose par- 
ticles are formed by the end to end association of two rod-like 
molecules resembling the model, should have a sedimentation con- 
stant of 202 X 10-" as compared with 174 X 10~-* for the original 
component. Preparations of tobacco mosaic virus protein show- 
ing double boundaries in the ultracentrifuge have components with 
sedimentation constants of 174 X 10-" and 200 X 10-®. 

The variations of viscosity and double refraction of flow of the 
protein with changes in hydrogen ion concentration are discussed. 
Both of these characteristics increase in the region of the isoelectric 
point, but only the viscosity falls sharply to a minimum very near 
the isoelectric point. This behavior is regarded as being due to 
the end to end association of rod-like molecules, followed by the 
side to side association of the long rods as one approaches the iso- 
electric point from either side. The viscosity was found to de- 
crease upon the addition of electrolytes, an effect probably due to 
the electrokinetic potential of the particles. 
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The isolation and characterization by means of ultracentrifugal 
procedures of a heavy material that possessed the properties of 
the latent mosaic virus (X virus) have been described (1,2). This 
material was considered to be a protein, because it gave the usual 
tests for a protein and, in the analytical ultracentrifuge, proved to 
be relatively homogeneous. It was prepared by high speed cen- 
trifugation of the clarified infectious juice and was obtained in 
yields of about 0.1 mg. per cc. of juice centrifuged. Since a 
solution of 0.1 mg. per ec. of the purified material produced about 
as many lesions as the original juice, it was considered to be about 
10,000 times as infectious. 

Recently, Bawden and Pirie obtained the latent mosaic protein 
by repeated precipitation with ammonium sulfate and treatment 
with pancreatin (3). Various properties, including the ability of a 
2 per cent solution to form a birefringent lower layer, were re- 
ported. Bawden and Pirie, however, considered their prepara- 
tions to be irreversibly aggregated, because, unlike the clarified 
infectious juice, the purified virus failed to pass filters of 400 my 
average pore diameter. 

In order to obtain sufficient quantities of the protein for chem- 
ical studies, the centrifugation of large volumes of juice would be 
necessary. In the present work, attempts were therefore made to 
bring about a preliminary concentration of the protein without 
changing its specific activity. Several methods were used and 
the effect on the yield and specific activity of the protein was 
determined. Virus protein of high specific activity was prepared 
and analyzed, and a number of its physical and chemical properties 
were determined. Ultrafiltration experiments were carried out to 

455 








456 Latent Mosaic Virus Protein 


determine whether high speed centrifugation caused an irreversi- 
ble aggregation with loss of filtrability through ultrafilters, and a 
decrease in specific activity. This paper presents the results of 
these investigations. 





EXPERIMENTAL 


Both Nicotiana glutinosa, L., and Turkish tobacco plants have 

been used as a source of virus. The plants were inoculated and 

harvested and the juice was extracted as previously described (2). 

In some cases K;HPO, was added to the pulp and in others this 

treatment was omitted. The juice was clarified by filtration with 

suction through diatomaceous earth (an equal mixture of Standard 

and Hyflo supercel). Activity measurements on the juice before 

and after filtration showed that the amount of virus lost by this 

procedure was comparable to that lost by gravity filtration through 

paper. The virus protein was isolated by the ultracentrifugation 

of the clarified juice directly or by the ultracentrifugation of con- 

8 centrates prepared after precipitation of the virus protein either 

with HCl at pH 4, with an equal volume of alcohol at pH 5, with 

20 and 30 per cent (NH,)2SO,, or with 30 per cent potassium cit- 

; rate. The precipitated protein was in each case removed by 

filtration on Standard supercel and redissolved in about one- 

twentieth the original volume of 0.01 m buffer or water at pH 7 to 8. 

The virus protein was then separated from the normal protein and 

i other plant constituents by three sedimentations in a field of about 

50,000 times gravity. The pellets obtained after each sedimen- 

fi tation were redissolved in 0.01 m buffer or water and the solutions 

t were filtered through a thin layer of Standard supercel and again 
i] 








ultracentrifuged. All operations were carried out at about 5°. 
The protein concentrations of the final solutions were determined 
by Kjeldahl analysis. 

The yields of virus protein obtained in experiments in which 
different methods of concentration were applied to portions of the 
same juice are shown in Table I. The yields for virus sedimented 
three times have varied from about 1 to 9 mg. per 100 cc. of 
juice. In most cases the yields were about 30 per cent higher when 
the juice was sedimented directly than those obtained after either 
ammonium sulfate or potassium citrate precipitation. After 
precipitation at pH 4 with HCl and at pH 5 with alcohol, only 
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about 20 per cent as much virus was obtained as by the ultracen- 
trifugation of juice. In no case was a yield greater than about 
10 mg. per 100 cc. obtained. Activity tests on the original juice 


TABLE I 


Comparative Yields of Virus Protein Obtained by Ultracentrifugation of 
Clarified Juice and Protein Concentrates 














| | T, I? 
a | 3 : | 
2 Med of Type of treatmentt s 3 
i 5 | 2 
a | Ss lel ® 
| my. 
cc. | per 
100 ec. 
G5 | Without | Ultracentrifugation of juice 220; 3 | 7.0 
K:HPO,) 30% (NH,).SO, and ultracentrifugation 230) 3 | 5.1 
30% K:C.H,O;, “ " 240 3 | 6.3 
G6 se: “« | Ultracentrifugation of juice 500) 3 | 6.2 
20% (NH,).SO, and ultracentrifugation 500; 3 | 4.6 
30% K:C.H.O; “ “ 1500| 3 | 4.3 
HCl at pH 4 ’ " 500, : 1.4 
Alcohol at pH 5 “ " 500) 3 | 1.0 
G9 ” “| Ultracentrifugation of juice 1240) 3 | 9.3 
G3 “- o ” _ 224| 2 | 6.5 
20% K;CeH,0; and ultracentrifugation 400; 2 | 4.0 
G2 | 4% Ultracentrifugation of juice 250) 3 | 6.2 
K.HPO, 15% (NH,).80,, 6% K.HPO,, and ultra- 70; 3 4.0 
centrifugation 
T|4% “ Ultracentrifugation of juice | 400|2/2 
15% (NH,).S8O0,, 6% K:HPO,, and ultra- | 500) 3 | 2.2 
centrifugation | | 








* The samples labeled G were obtained from Nicotiana glutinosa plants; 
that labeled T from Turkish tobacco plants. 

t When prepared by the ultracentrifugation of juice, the sedimented 
virus was redissolved in water or 0.01 m phosphate buffer at pH 7 to 8. 
When precipitated by chemical treatment, the precipitated protein was 
redissolved in water or 0.01 m phosphate and the resulting solution was 
ultracentrifuged. 


and on the supernatant liquid after sedimentation of the virus 
have shown that about 99 per cent of the virus was sedimented, 
and, as the subsequent treatments likewise caused small losses of 
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virus, it seems likely that the maximum yields reported represent 
about 60 to 80 per cent of the virus present in the juice. 

Care was taken during the first centrifugation of the protein 
concentrates to keep the temperature near 0°. If the temperature 
was allowed to approach 15-20°, the amount of darkly pigmented 
materials sedimented along with the virus protein was greatly 
increased and could later be removed only with considerable 
difficulty. The formation of the insoluble pigment appeared to 
proceed most rapidly in the (NH,).SO, solutions. If the solutions 
were kept cold, the purified virus protein was readily obtained 
after three sedimentations as transparent birefringent pellets 
which formed slightly opalescent solutions in distilled water and 
contained only traces of the salt used for preliminary precipitation. 
In the analytical ultracentrifuge, these samples were free from 
detectable amounts of ultraviolet-absorbing impurities of low molec- 
ular weight. The supernatant liquids from the third centrifugation 
were almost entirely free from protein impurities of low molecular 
weight that could be precipitated with hot trichloroacetic acid. 
As the sedimentation rate of the virus protein is decreased in more 
concentrated solutions, the length of time necessary for complete 
sedimentation depends on the concentration. Solutions that con- 
tain more than 2 or 3 mg. of virus protein per cc. require 14 to 2 
hours in a field of 50,000 times gravity for about 99 per cent sedi- 
mentation. 

Specific Activities of Virus Protein—As the number of lesions 
obtained after inoculation with latent mosaic virus, like tobacco 
mosaic virus, varies over a wide range, depending on the sus- 
ceptibility of the test plants, it is difficult to determine the specific 
activity of a particular sample from the number of lesions ob- 
tained in a single test. The relative activities of two samples may 
be determined, however, by comparing the number of lesions 
produced by equal concentrations of each on half leaves of the 
same plants. Similarly, the activities of several samples may be 
determined by comparing each on half leaves against a common 
control. This method, in the case of tobacco mosaic virus, has 
been found sufficiently sensitive for the detection of differences 
in concentration of 10 to 20 per cent (4) and was, therefore, used 
in the present experiments. 


1 Wyckoff, R. W. G., unpublished work. 
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The relative activities of different samples prepared by the 
ultracentrifugation of juice from both Turkish tobacco and 
Nicotiana glutinosa plants are shown in Table II. It may be seen 
that samples isolated by this procedure have, in general, shown the 
same activity, provided they were isolated within a few days of 


Tas.e II 
Relative Activities of Latent Mosaic Virus Protein Prepared by Ultracentri- 


fugation of Juice from Turkish Tobacco and Nicotiana glutinosa Plants 


Relative activities* 


Method of 


Host plant extraction Date isolated Date of test ~a mad 
T | tt YY t 

Turkish 3% NasHPO,) Dec. 15, 1936 500 

” 4% K:HPO, | Feb. 26, 1937 | Mar. 18, 1937 | 5250.5 
N. glutinosa | 4% “ *¢ 19, 1937 | 339 
Turkish 4% 25 ‘* 26, 1937 | Feb. 27, 1937 | 316)0.8 
N. glutinosa 4% < ‘* 19, 1937 492 314 
‘i < Without May 13, 1937 | June 31, 1937 1263'7.6) 6556.2 

phosphate 

- " “y s Oct. 13, 1937 939 772! 
™ ag a ‘on May 20, 1938 | May 25, 1938 |1206'3.4/1066'2.6 
= " as - July 27, 1938 553 1070 
m ** 27, 1938 | Aug. 10, 1938 | 631/1.41045/0.3 . 
“ f “ y ‘* 27, 1938 114 156 
* — a ** 29, 1938 | Aug. 10,1938 961.0 1480.4 


* Number of lesions produced on sixteen to twenty-four half leaves of 
young Turkish tobacco plants at a concentration of 10-* gm. of protein 
per cc. in 0.01 m phosphate buffer at pH 7. 

t The ratio of the mean difference to the standard error of the mean 
difference. Values of 2.1 or greater indicate odds of at least 20:1 for sig- 
nificance. 


each other. Those that were several weeks old, although stored 
in a refrigerator, have in most cases produced fewer lesions per 
unit weight of native protein than freshly prepared samples. 
Virus protein prepared by this method was used, therefore, as a 
standard in the tests in which the relative activity of samples 
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obtained after chemical treatment was determined. The results 
of the activity tests on samples isolated from the same juice by the 
different procedures described above are shown in Table III. 
These results show an appreciable variation in relative or specific 


TaBLe III 


Relative Activities of Samples of Latent Mosaic Virus Protein Prepared from 
Same Juice by Different Treatments 


Prep- 


Relative activitiest 








ml Type of treatment* 
tion ype of treatmen | Test | “ | Test : 
ak) SEA Pe 
G5 Ultracentrifugation of juice 47 | 465) 
30% (NH,).SO, + ultracentrifugation 283) 7.3] 367| 3.0 
Ultracentrifugation of juice 479) 255 
30% K;:CsH,O; + ultracentrifugation 309; 4.0) 236) 1.0 
G6 Ultracentrifugation of juice | 556 | 601 
| 20% (NH,).SO, + ultracentrifugation | 610) 1.5) 551) 1.0 
Ultracentrifugation of juice 729| 743 
30% K;C.H,O; + ultracentrifugation | 688) 1 0 770) 0.5 
L} | 
Ultracentrifugation of juice | 676 | 922 
| HCl at pH 4 | 509 2.6) 658) 4.8 








* When prepared by the ultracentrifugation of juice, the sedimented 
virus was redissolved in water or 0.01 m phosphate buffer at pH 7 to 8. 
When precipitated by chemical treatment, the precipitated protein was 
redissolved in water or 0.01 m phosphate and the resulting solution was 


ultracentrifuged. 
t Number of lesions produced at a concentration of 10~* gm. of protein 
per cc. in 0.01 m phosphate buffer on twenty-four half leaves of young Turk- 


ish tobacco plants. 
t The ratio of the mean difference to the standard error of the mean 
difference. Values of 2.1 or greater indicate odds of at least 20:1 for sig- 


nificance. 


activity, depending on the type of treatment to which the sample 
had been exposed. Preliminary concentration with either 20 per 
cent ammonium sulfate or 30 per cent potassium citrate gave 
samples with about the same specific activity as the control ob- 
tained by sedimentation alone, but precipitation with 30 per 
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cent ammonium sulfate or with HCl at pH 4 resulted in prepa- 
rations of lower specific activities. 

It seemed likely that the low activity described above could 
have resulted because of the exposure to strong electrolyte. This 
question was further studied by adding (NH,).SO, to samples of 
virus protein prepared by the ultracentrifugation of juice. In 
one experiment the virus was reprecipitated from its aqueous 
solution five times, and in another it was allowed to stand in 10 
per cent (NH,)2SO, for a day at room temperature. In each case 
the solution was freed from salt by dialysis at 4°, and the relative 
activity of the virus was compared with a control solution which 
received the same treatment without the addition of (NH,).SO,. 
The activity of virus protein that had been prepared by repeated 
precipitation with (NH,)2SO, and treatment with pancreatin, as 
used by Bawden and Pirie (3), was also determined. One such 
sample, which was obtained after five precipitations, one treatment 
with pancreatin, and one ultracentrifugation, and gave a liquid 
crystalline bottom layer, was compared with two samples that 
had been prepared by two sedimentations from juice as described 
above. The activity data for the three experiments are summar- 
izedin Table IV. It may be seen that, on a protein basis, the 
control samples in every case were several times as active as those 
that had been treated with (NH,)sSO,. As the number of lesions 
produced by the sample prepared by the method of Bawden and 
Pirie was about the same at a 10~ gm. per cc. concentration as 
that produced by a 10-5 gm. per ce. concentration of the sample 
prepared by ultracentrifugation alone, its specific activity was of 
the order of one-tenth that of the latter. These results are in 
agreement with those in which one precipitation with 30 per cent 
ammonium sulfate appeared to cause a loss of activity. Bawden 
and Pirie did not compare the relative activities of their samples, 
but from the variation in the number of lesions obtained on dilu- 
tion it seems likely that their preparations differed greatly in 
relative activity. Because appreciable loss of virus activity re- 
sulted after precipitation by 30 per cent ammonium sulfate and 
contact with 10 per cent ammonium sulfate at room temperature, 
it is probable that one precipitation with 20 per cent ammonium 
sulfate or 30 per cent potassium citrate at 4° also caused a loss of 
virus activity which was not detected because of the low sensitivity 
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of the infectivity measurements. These methods are useful in 
preparing considerable amounts of virus, but high speed cen- 
trifugation carried out at low temperatures, in the absence of strong 
electrolytes, appears to provide the most satisfactory method for 


TABLE IV 
Relative Activities of Virus Protein Subjected to Treatment with (NH4)2SO, 


Relative activities* 


Type of treatment 


Concen- Test tt | Concen- | Test | t 
tration ea tration 
gm. protein | | gm. protein 
per cc. | per cc. 
Control} 10-5 | 892 | 
Precipitated 5 times with 10-§| 390 | 8.6 | 
(NH,):S0, | | | 
Controlt |2 X 10-§| 777 | 2x 10-*| 646 
24 hrs. contact with 10% | 2 x 10-§| 291 | 5.8/2 x 10-5) 300 | 4.7 


(NH,).80, at room tem- | 
perature | 
| 





Twice sedimented virus, 10 s| 808 | 10 | 416 
Sample 1 

Prepared by method of | 10-*| 73 | 8.8 | 10 «| 494} 1.5 
Bawden and Pirie (3) | 

Twice sedimented virus, | 10-* | 553 | 10-5 | 487 
Sample 2 | 

Prepared by method of 10-5 102 | 10.3 | 10-*| 83 | 6.1 

| 


Bawden and Pirie (3) | 


* Number of lesions produced on twenty-four half leaves of young Turk- 
ish tobacco plants. 

t The ratio of the mean difference to the standard error of the mean 
difference. Values of 2.1 or greater indicate odds of at least 20:1 for sig- 
nificance. 

t The controls in these experiments consisted of virus protein samples 
that had received the same treatment in the absence of ammonium sulfate. 














the preparation of latent mosaic virus protein of the highest and 
most constant specific activity. 

General Properties—Latent mosaic virus protein in water, like 
tobacco mosaic virus protein, gives opalescent solutions which 
show a Tyndall cone. The amount of opalescence depends on the 
concentration and the amount of treatment to which the sample 
has been subjected. Freshly prepared solutions show a very 
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slight opalescence, but after standing at room temperature or in 
the presence of 10 per cent (NH,).SO, for a day become more 
opaque. In a similar way, aqueous solutions that are clear be- 
come more opalescent if adjusted to about pH 4.0, and the protein 
in this case may be sedimented by means of the ordinary lab- 
oratory centrifuge. Unlike tobacco mosaic, however, samples of 
latent mosaic do not form crystals when brought to the isoelectric 
point, although a slight sheen is observed. 

The latent mosaic virus protein is much less stable than that of 
tobacco mosaic. Solutions in 0.1 m or 0.01 mM phosphate at pH 
7 showed an immediate drop in activity after standing for 24 
hours at room temperature. After longer periods than 24 hours, 
some bacterial decomposition usually became noticeable at pH 
7, but virus activity was retained even after 10 days. At pH 9 
no bacterial putrefaction occurred. One solution held at this 
reaction at room temperature remained infectious for over 4 
months, although there was a gradual loss of activity, as com- 
pared with the control kept at 4°. A solution of tobacco mosaic 
virus protein that had stood at room temperature for about a 
month lost only 20 per cent of its virus activity, as compared with 
a control kept at 4°. The latent mosaic virus protein was de- 
natured and virus activity was lost when a 0.1 per cent solution 
in 0.1 m phosphate buffer at pH 7 was heated to 64° for 5 minutes. 
Virus activity was also lost when the purified virus protein in dis- 
tilled water was dried in vacuo while frozen. 

Analysis of Purified Virus Preparations —Chemical analyses of 
several different samples for C, H, N, 8, P, and carbohydrates 
are shown in Table V. The analyses are those that would be ex- 
pected for a nucleoprotein containing about 6 per cent nucleic 
acid and are in essential agreement with those published by Baw- 
den and Pirie. The protein gave the qualitative tests for guanine 
and pentose, and a material with the qualitative solubility of yeast 
nucleic acid was obtained by treatment with several volumes of 
glacial acetic acid (3,7). However, the ratio of carbohydrate to 
phosphorus in the protein, as shown in Table V, was almost twice 
that found for yeast nucleic acid. If the virus nucleic acid be 
assumed to give the same carbohydrate to phosphorus ratio as 
yeast nucleic acid, these results show that other carbohydrates or 
compounds which react with orcinol and sulfuric acid must also 
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be present in the virus protein. The ratio of carbohydrate to 
phosphorus for ultracentrifuged samples is somewhat higher than 
that of about 6:1 obtained by Bawden and Pirie for their prepara- 
tions, but even in the latter case is still about 50 per cent too high 
for all the carbohydrate and phosphorus to be combined as nucleic 


TaBLe V 
Analyses of Latent Mosaic Vi irus Protei in 





| 


| Ping el eae 


| 

_ 

(Desses) ad 
: | 

es | 


Sample* y H 


P 


Carbohydratet 


King (5)t 


Pregl 
as glucoset 
Carbohydrate: P 


per | per | percent | Per | per | per 





cent cent | | cent | cent | cent| cent 
Latent mosaic, No. 1 |47.87.27)14.58 
ss ss “ 2 147.7/7.6 14.54 | | 
D a 3 | 0.69 
- ” oh 0.63, 4.3)/25:1 6.8:1 
“ = - 2 | be 0.56; 4.0/28:1) 7.1:1 
a " ~ 0.58) 4.2/30:1) 7.9:1 
z a “ 9 | | 0.59, 3.92721] 6.6:1 
¢ “ ** 8 /49.116.84,15.8-16.1) 1. 1/0. 52 31:1 
Yeast nucleic acid | | 7.2 | 27 | 3.8:1 
7.9 | 28 3.5:1 











° Samples 1,2, 4, and 8 were propared by ultrecentrifugation of the elari- 
fied juice. Samples 3 and 6 were precipitated once at 5° with 30 per cent 
potassium citrate and then ultracentrifuged. Samples 5 and 7 were pre- 
cipitated once at 5° with 20 per cent ammonium sulfate and then ultra- 
centrifuged. Samples 1 and 2 were dialyzed at pH 8 for 5 days, precipi- 
tated with acetone, and dried to constant weight over P,O;. Samples 3 and 
8 were dried in vacuo, while frozen, and then to constant weight over P2Ox. 
Samples 4 to 7 consisted of aqueous solutions of active virus. 

+t The values in these columns were calculated from analyses for nitro- 
gen, phosphorus, and carbohydrate, and are based on the assumption that 
the nitrogen content of these samples was 15.8 per cent. 

t Carbohydrate was determined with orcinol and sulfuric acid (6). 








acid. The purified virus, therefore, is probably not simply nucleo- 
protein in nature. It is unlikely that the higher carbohydrate 
content of the ultracentrifuged samples was due to the sedimen- 
tation of dark pigments rich in carbohydrates, for, when the juice 
from young succulent plants is used and the temperature is kept 
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at about 5°, pellets almost entirely free from pigment are obtained. 
The values for carbohydrates shown in Table V were obtained 
with such samples which were almost completely colorless, and 
in most cases gave liquid crystalline solutions. 

The nitrogen values found for the ultracentrifuged samples were 
slightly lower and the phosphorus values slightly higher than those 
reported by the authors mentioned above. The differences are 
well brought out if the N:P ratios are compared. Samples pre- 
pared by the ultracentrifugation of juice gave ratios of from 25 to 
31:1 as compared with ratios in the range from 31 to 43:1 for 
those obtained by Bawden and Pirie. 

Isoelectric Point of Latent Mosaic—It has been shown (3, 8) that 
the latent mosaic virus is precipitated at or below pH 4. Such 
experiments indicate that the latent mosaic virus protein may have 
an isoelectric point near pH 4. Cataphoresis experiments with 
collodion particles coated with latent mosaic virus protein showed 
that the isoelectric point as determined in 0.01 m phthalate- 
phosphate-borate buffer varied with the previous treatment to 
which the sample had been subjected. The procedure used in 
the cataphoresis experiments was as follows: 2 drops of a 1 per 
cent collodion suspension were added to 1 cc. of a solution con- 
taining 1 mg. of virus protein per cc. and the suspension was 
allowed to stand for several minutes. It was then diluted with 
400 parts of 0.01 m phthalate-phosphate-borate buffer, and ex- 
amined in the cataphoresis cell. Freshly prepared samples ob- 
tained after high speed centrifugation of infectious juice have 
shown an isoelectric point of about 3.7. Samples obtained after 
preliminary precipitation with (NH,)eSO, or potassium citrate 
and high speed centrifugation have proved to be isoelectric at 
about pH 4.4, while other samples prepared by extraction with 3 
per cent dibasic phosphate at about pH 7 and high speed cen- 
trifugation have given isoelectric points of about pH 5. It seems 
likely that such changes in cataphoretic behavior have been 
brought about by contact of the protein with electrolytes. 

pH Stability Range—In considering the effect of pH on virus 
activity, it is necessary to determine whether the failure to obtain 
infection is due to an effect on the host or to an inactivation of the 
virus. The effect would be observed immediately in the first case, 
whereas in the second the amount of virus activity would be ex- 
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pected to depend on the length of time the virus had been exposed 
to a particular hydrogen ion concentration. Virus solutions 
adjusted to various pH values between 2.5 and 11 were tested for 
activity immediately and after they had stood at 0° for 12 hours, 
and solutions which had stood at the various pH levels for 12 hours 
were tested for activity after they had been readjusted to pH 7.5. 
In this way it could be determined whether there was an imme- 
diate or gradual loss of virus activity at some pH and whether the 
loss in activity could be regained after readjustment to pH 7.5. 
In the experiments in which the samples were tested for activity 
at the different hydrogen ion concentrations, solutions at 0° 
containing 10~° gm. of protein per ec. in 0.1 m phthalate-phos- 
phate-borate were prepared and their activities were determined 
from the relative number of lesions produced by each on about 
twenty-four half leaves compared to a control solution of the same 
concentration at pH 7.5. In experiments in which the hydrogen 
ion concentrations were readjusted before the activity measure- 
ments were made, solutions in the same buffer and over the same 
pH range containing 10~ gm. of virus protein were prepared and 
diluted to 10~° gm. per ce. with 0.1 Mm phosphate buffer at pH 7.5 
and 0° for the infectivity measurements. The control solution 
was prepared in the same way by dilution of a sample in the 
phthalate-phosphate-borate buffer at pH 7.5 with 0.1 mM phosphate. 
In this way the solutions at different pH values were readjusted 
to within about 0.5 pH unit of the control solution at pH 7.5 and 
in each case contained very nearly the same total salt concen- 
tration. 

The results of the activity measurements made at the different 
pH values and after adjustment to pH 7.5 are shown in Fig. 1 
(Curves A, B, and D). The relative activity of each solution is 
expressed as per cent of the control solution at pH 7.5. The 
data have been summarized in Table VI. The results show that 
about the same number of lesions were obtained over the pH range 
from 6 to 9, whether the solutions were tested immediately or after 
12 hours at 0°. When tested immediately, solutions at pH 5 and 
10 also produced the same number of lesions, but after standing for 
12 hours they both showed a loss of about 40 per cent of their 
original activity. Below pH 5 and above pH 10 significantly 
fewer lesions were obtained when tested both immediately and 
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after 12 hours. When solutions which had stood between pH 4 
and 5 for 12 hours were readjusted to pH 7.5, however, as shown 
in Fig. 1 (Curve D), they produced as many lesions as their con- 
trols. The loss of activity which took place on standing between 
pH 4 and 5 was, therefore, reversible, and, as the protein is iso- 
electric over this range, no doubt represented aggregation of virus 
particles. Below pH 4 and at pH 10 or higher the inactivation 
was not found to be reversible. At pH 3 and 11 some virus 
activity was found if the solutions were tested immediately, al- 
though it was of the order of 1 per cent or less than the control 
solution. After 12 hours these solutions failed to show any virus 





Activity as 
per cent of control 





r23456%76%9 00 
pH value 





Fic. 1. Activity-pH curves of latent mosaic and tobacco mosaic virus. 
Curve A, latent mosaic virus, tested immediately at various pH values; 
Curve B, latent mosaic virus, tested after 12 hours at various pH values; 
Curve C, tobacco mosaic virus, data from Best and Samuel (9, 10), tested 
after 12 hours at various pH values and readjustment to pH 7; Curve D, 
latent mosaic virus, tested after 12 hours at various pH values and readjust- 
ment to pH 7.5. 


activity. The pH inactivation of tobacco mosaic virus as found 
by Best and Samuel (9, 10) is also reproduced in Fig. 1 (Curve C). 
Of striking interest is the greater stability of the latent mosaic 
virus over the range from pH 8.5 to 10. At these pH values to- 
bacco mosaic is largely inactivated. Sedimentation studies with 
latent mosaic virus at various pH values have been made by 
Wyckoff. They show that at pH values where virus activity was 
lost molecular homogeneity was also destroyed. 

The differences in lesion counts were not tested for their sta- 
tistical significance in the above experiments. In similar experi- 
ments, however, in which the standard error has been calculated, 
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TasLe VI 





Effect of Different Hydrogen Ion Concentrations on Activity of Latent Mosaic 


after exposure 


Tested immediately 


Virus 





No. of lesions on 





pH hates half leaves a 
remain- 
At Control Ing At Control 
various active* | various 


at 
pH pH 7.5 


per cent 
2.5 18 430 4 0 1059 
3.0 40 259 16 30 270 
3.2 44 443 10 12 794 
3.4 
3.6 812 1429 57 
3.7 679 1253 54 
3.8 592 1059 56 4 598 
4.0 281 498 57 146 505 
80 430 
4.5 
4.6 
5.0 214 236 91 213 292 
1029 953 108 387 537 
5.5 
6.0 284 330 86 337 306 
1097 899 122 399 399 
7.0} 1356 1512 90 691 631 
702 857 82 
8.3 
9.0 872 1061 82 806 618 
499 629 80 776 759 
9.3 457 551 83 
523 588 89 
10 387 365 106 449 683 
379 645 
10 350 3 0 700 
29 654 5 











No. of lesions on 
24-28 half leaves 








at 
pH pH 7.5 











Vv 
remain- | 
ing 
active* 


eapanai 
0 
11 


9 
- 


16 
29 
19 


73 
72 
111 


100 
109 


130 
102 


After 
readjust 
ment to 
pH 7.5 


il 
118 
70 


701 
611 


351 
1028 


690 


543 
805 
481 
183 


29 





Tested 12 hrs. after exposure 


| No. of lesions on 
: | 24-28 half leaves | 
irus | : 


! 
_|Control 


at 
pH 7.5 


737 
538 
263 


1013 
549 


344 
1026 


593 


174 
895 
757 
494 





654 





Virus 
remain- 
ing 
active* 


per cent 


tbo 


22 


94 


69 
111 


102 
100 


116 


o 





* Percentage number of lesions obtained with test solutions as compared 
with controls. Values within 15 per cent of the controls are usually not 


significantly different. 
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differences of 20 per cent or more in the number of lesions obtained 
on half leaves usually gave odds for significance of at least 20:1. 
In cases in which the test samples caused only about 30 per cent 
as many lesions as the control, it is likely that the virus concen- 
tration was of the order of only 10 per cent that of the control. 
In those cases in which fewer than 10 per cent as many lesions were 
obtained as with the control, it is likely that the test solution 
contained only about 1 per cent of the active virus present in the 
control. In the latter cases the activities were also determined 
with whole leaves. The results were essentially the same as those 
shown in Table VI. 

Serological Properties—The presence of a specific antigen in the 
juice from plants infected with the latent mosaic virus has been 
shown by several investigators (11-13). That the protein iso- 
lated by the above procedure is this antigen is shown by the fact 
that antiserum to the protein gives a precipitate with infectious 
juice but fails to react with the juice from normal plants. The 
protein reacts with its homologous antisera under the conditions 
used by Bawden and Pirie to give a just detectable precipitate at 
a protein dilution of 1:10’. Bawden and Pirie have reported 
titers of 1/(6 X 10°) for their preparations of latent mosaic. It 
is unlikely that these differences are significant. 

Ultrafiltration Experiments—It seemed desirable to determine 
first the effect of ultracentrifugation alone on the ability of the 
resuspended virus to pass collodion membranes* of about 250 
my average pore diameter. Membranes of this pore size were 
chosen because it was found in experiments with clarified infec- 
tious juice that such a pore size represented nearly the minimum 
which would allow the passage of most of the virus at a 1:5 dilu- 
tion in the presence of nutrient broth and 0.1 m phosphate at pH 
8.5. A sample of infectious juice, clarified by filtration through 
celite, was centrifuged under the conditions used for isolation of 
the virus, and the sedimented virus was resuspended in the super- 
natant juice. In some instances the sedimented pellet was re- 
dissolved immediately by mechanical mixing and in others it was 
allowed to stand overnight at 4° before the supernatant juice was 
stirred. A portion of the suspension was then diluted with nu- 


? The author wishes to express his thanks to Dr. J. H. Bauer and Dr. 
T. P. Hughes for some of the membranes used in these experiments. 











| 


- 


Fe AOI ee mm 
ee 








470 Latent Mosaic Virus Protein 


trient broth, 1 m K,HPQO,, water, and NaOH, so the final solution 
consisted of juice and nutrient broth at approximately a 1:5 dilu- 
tion in 0.1 m phosphate at pH 8.5. The precipitated inactive 
protein was centrifuged and the filtration was carried out as out- 
lined by Thornberry (14). The amount of virus in the filtrate 
was then determined by comparing the number of lesions produced 
on half leaves by the filtrate and the original solution. As a 


Tasie VII 
Effect of Sedimentation on Ultrafiltration of Latent Mosaic Virus 





| | No. of lesions 


Experi- on 24 Vi 
ons | Virus solutiont half leaves iy 
No.* | a filtrate 

| Before After 
per cent 
1 Infectious juice | 737 | 642 | 87 


Sedimented virus resuspended in supernatant | 746 | 539 | 72 
juice immediately 
2 Infectious juice after 24 hrs. at 4° | 371 | 303 | 82 
Sedimented virus resuspended in supernatant | 229; 90 | 39 
juice after 24 hrs. at 4° 
3 Infectious juice | 596 80 | 13 
Sedimented virus resuspended in supernatant | 708 78 | il 
juice immediately 
Infectious juice after 24 hrs. at 4° 1497 | 260 | 17 
Sedimented virus resuspended in supernatant | 1025 | 35 | 3.4 








juice after 24 hrs. at 4° 


* In Experiments 1 and 2, membranes of 250 my average pore diameter 
were used; in Experiment 3, membranes of 200 my average pore diameter 
were used. 

+ All samples were diluted before filtration with nutrient broth, 1 m 
K;:HPO,, NaOH, and water to give solutions containing juice and broth at 
a 1:5 dilution in 0.1 m phosphate at pH 8.5. 





control, a sample of the original juice after dilution with broth, 
ete., was filtered at the same time through a membrane of the 
same size, and the relative activities of the filtrate and original 
solution were also compared. The experiments recorded in Table 
VII show no striking differences between the ability of the sedi- 
mented and the untreated virus to pass filters of 200 to 250 my 
average pore diameter. In those instances in which the pellet 
had not been immediately resuspended, the virus appeared to 
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filter somewhat less readily than the control saziiplé 6f juice; but 
the degree of difference was small and possibly was not signifiéant. 
From these experiments the conclusion appears to be justified that 


Taste VIII 
Ultrafiltration of Purified Latent Mosaic Virus 




















Be | on ; . Aver- No. of lesions on 24 half = 
peri-| Simple was | Concen- |Eptescium| oe. enates nae 
.-w sedimented Sane P'buffer® | din a arp | trate 
A | eter | Before After 
| | gm. per cc. | uw | pH | mu ee 
ae 10-4/0.01| 6-7| 250 | About 100 | No infec- | 0 
ee | | per leaf tion 
2 10-40.01) 8.5) 250 i “| Splantsof | <1 
8 posi- 
tive 
2 2 4X 107-5/0.1 | 8.5) 250 1000 68 7 
3 3 |2x10-40.1|8.5| 300} 667 375 56 
| | | s13 | 626 7 
4 | 2(afterso- | 4 x 10-5/0.1 | 8.5) 300 | 658 | 209 32 
lution in | 
10% 
(NH,):- 
SO, for 
24 hrs.) 
Control | 4X 10-50.1| 8.5) 300| 930 608 65 
5 2 }2X 10-40.1 | 8.5) 450) 354 | 465 130 
2 1/2 x 10-50.1 | 8.5) 450 413 379 92 
| 2 12x 10-40.1/ 8.5 250) 314 | 42 13 











* The solvent in each case contained broth ata l:5dilution. In Experi- 
ment 5, virus-free supernatant juice at a 1:5 dilution was also used. It 
consisted of the upper 30 per cent of the supernatant liquid obtained after 
the ultracentrifugation of the infectious juice. 

t In this experiment the original solutions and filtrates were tested on 
whole leaves of different groups of plants. 


sedimentation alone, in the case of latent mosaic virus, does not 
cause an appreciable aggregation which is irreversible at pH 8.5. 

Filtration experiments were also carried out with virus protein 
that had been purified by two and three sedimentations, and after 
treatment with (NH,)sSO,. These experiments, summarized in 
Table VIII, show a great difference in filtrability, depending on the 
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solvent and pH. In the presence of broth and 0.1 m phosphate 
at pH 8.5, virus protein purified by ultracentrifugation alone could 
be filtered through membranes of 450 my average pore diameter 
with no detectable loss of virus activity, while in distilled water or 
0.1 m phosphate buffer at pH 7, the virus failed to pass either a 450 
my average pore diameter collodion or a Seitz filter. In the 
presence of broth and phosphate, the purified virus also passed a 
membrane of 250 mu average pore diameter, but in relatively small 
amount compared to once sedimented virus redissolved in juice. 
It appears, therefore, that purified virus protein obtained after 
several centrifugations had undergone some change, which could 
be detected by a membrane of 250 my average pore diameter and 
was not reversed under the conditions used for filtration. Filtra- 
tion experiments with samples of purified protein that had been 
allowed to stand in contact with 10 per cent (NH 4)sSO, at room 
temperature for 24 hours showed that this material also passed a 
300 my filter when dissolved in broth and 0.1 m phosphate at pH 
8.5, but probably in smaller amount than a control solution of 
purified virus which had stood at room temperature for the same 
length of time in the absence of (NH,).80,. About 32 per cent as 
many lesions were obtained with the filtrate as with the original 
solution in the case of the sample treated with (NH,)oSO,, whereas 
about 65 per cent as many lesions as compared with the original 
were obtained for the control sample. 

These results showed that the ability of purified latent mosaic 
to pass ultrafilters was largely dependent on the conditions under 
which the filtration was carried out. These differences may be due 
in part to different states of aggregation, but it seems more likely 
that in those experiments in which water and dilute buffer were 
used the virus was adsorbed on the filter surface. In view of the 
effect of changes in pH on relative viscosity found for tobacco 
mosaic virus protein (15), it seems likely that the state of aggre- 
gation of latent mosaic virus particles also varies with pH. The 
experiments described above show that latent mosaic virus is not 
irreversibly aggregated in the sense that it will not pass a filter of | 
450 mu average pore diameter either after sedimentation or after 
contact with 10 per cent (NH,)2SO0,. However, the purified virus 
protein does differ from infectious juice in its ability to pass filters 
of about 250 my average pore diameter. It appears, therefore. 
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that some type of change, possibly aggregation, which is not 
reversed in 0.1 mM phosphate at pH 8.5, has taken place, and 
that the amount of aggregation may be increased after the virus 
has been in contact with (NH,4)SO,. 

Particle Size of Latent Mosaic Virus—Because latent mosaic 
virus protein shows stream double refraction, it appears that, like 
tobacco mosaic virus protein, it consists of asymmetrical and prob- 
ably rod-shaped particles. Such particles are present in the 
clarified juice as well as in purified preparations, for samples of 
filtered juice show a detectable amount of stream double refrac- 
tion. The amount is small and cannot be seen readily but is 
detected easily in the apparatus described by Lauffer and Stanley 
(16) and is of the same order as that of juice from tobacco mosaic- 
infected plants diluted with about 25 parts of normal juice. It is 
possible to obtain some idea of the relative dimensions of rod- 
shaped particles from viscosity measurements with Kuhn’s equa- 
tion (17) and from the relative viscosity to calculate the dis- 
symmetry constant (18) and molecular weight (19). As shown 
by Lauffer (20), a dissymmetry constant of 2.52 and a molecular 
weight of 42.5 & 10° are obtained for tobacco mosaic virus protein 
by this method. These values are in good agreement with those 
calculated from viscosity measurements of Frampton and Neurath 
(21). It seems likely, therefore, that they more nearly represent 
the true dissymmetry and molecular weight of the tobacco mo-<aic 
virus protein than the earlier values. In a few preliminary experi- 
ments the relative viscosity of a 0.1 per cent solution of purified 
latent mosaic virus protein in distilled water at 25° was about 1.09 
as compared with the value of 1.057 found by Lauffer for tobacco 
mosaic virus protein. The ratio of particle length to width calcu- 
lated from Kuhn’s equation was 43.9:1 as compared to 35:1 for 
tobacco mosaic virus protein, and the dissymmetry constant and 
molecular weight for a specific volume of 0.73 and a sedimentation 
constant of 113 were 2.78 and 26 X 10°, respectively.’ It is prob- 


* It seems likely that the heavier component with a sedimentation con- 
stant of 200 * 10°" found in some solutions of tobacco mosaic virus by 
Wyckoff (22) is due to the formation of end-to-end bimolecular aggregates 
of particles with a sedimentation constant of 174 K 10~-", for, as shown by 
Lauffer (23), the calculated sedimentation constant of such particles agrees 
well with that determined by means of the ultracentrifuge. The sedimen- 
tation constant of end-to-end, bimolecular aggregates formed from latent 
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able that the latter value rather than that of 9 X 10° which was 
previously suggested (2) represents more nearly the true mole- 
cular weight of the latent mosaic virus protein purified by ultra- 
centrifugation. A cylindrical particle of 26 X 10° molecular 
weight, 0.73 specific volume, and a ratio of length to width of 
43.9:1 would have a diameter of about 9.8 mu and a length of 
about 433 mu. 

Layering Phenomenon—Preparations of latent mosaic virus 
protein obtained after treatment with (NH,).SO, have been shown 
to form liquid crystalline solutions (3). Virus protein obtained 
by the centrifugation of juice also shows this property. If the 
birefringent pellet obtained after two or three sedimentations is 


- 


A 


Fic. 2. Liquid crystalline bottom layer of latent mosaic virus protein: 
A, photographed between parallel polaroid plates; B, photographed be- 
tween crossed polaroid plates. (Photographs by J. A. Carlile.) 





dissolved in about 3 volumes of water, the resulting solution is 
usually liquid crystalline. If it is diluted to a protein concen- 
tration of about 1 per cent, the solution becomes opalescent and 
when examined between crossed polaroid plates is no longer bire- 
fringent. If such a solution is centrifuged at 3000 to 4000 R.P.M. 
for several hours, however, a liquid crystalline lower layer sepa- 
rates, as shown in Fig. 2. 


mosaic virus particles having a sedimentation constant of 113 xk 10°" 
and the asymmetry described was calculated in a similar manner and found 
to be 131 X 10°. This value is the same as that found experimentally for 
the heavier component present in some preparations of purified latent 


mosaic virus. 
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While the more active virus protein obtained by high speed 
centrifugation shows the ability to form liquid crystalline layers, 
this property is not necessary for virus activity. Tobacco mosaic 
virus protein of low relative activity obtained after repeated 
precipitation with (NH,)2SO, and completely inactive preparations 
obtained after treatment with formaldehyde or HO, are known to 
give typical needle crystals. Such preparations also give liquid 
crystalline solutions, which are identical in appearance with those 
obtained from active virus protein. 


DISCUSSION 


It seems probable that the preparations previously described 
(1, 2), as well as those obtained by Bawden and Pirie (3) and those 
described in the present paper, represent latent mosaic virus pro- 
tein free from the normal plant constituents present in infectious 
juice. However, from the evidence presented in this paper, there 
is good reason for distinguishing between preparations obtained 
by the ultracentrifugation of juice at low temperatures and those 
obtained by repeated precipitation with ammonium sulfate. The 
results show a great variation in relative or specific activity of the 
purified virus protein, depending on the type of treatment to which 
it had been subjected. Virus protein prepared by the ultracen- 
trifugation of juice has, in general, possessed a uniform and high 
specific activity, whereas samples precipitated by ammonium 
sulfate or allowed to stand in ammonium sulfate solution have 
shown a variable and greatly decreased specific activity, as meas- 
ured by their ability per unit of protein to produce primary lesions. 
The amount of virus activity lost has depended on the concen- 
tration of ammonium sulfate used and the length of time the virus 
was allowed to stand in contact with salt. 

Bawden and Pirie recognized the low activity of the latent 
mosaic preparations which they obtained after ammonium sulfate 
treatment, as compared to that of the infectious juice, and sug- 
gested that the particles of virus had become irreversibly aggre- 
gated during the purification procedures to form rods. The 
evidence for aggregation, in addition to the loss of specific activity, 
was the failure of the purified virus to pass ultrafilters of 400 mu 
average pore diameter (3, 24) and the fact that solutions of purified 
virus showed a large amount of stream double refraction, whereas 
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none was detected in the clarified juice itself. As all the latent 
mosaic preparations tested in the present work, whether prepared 
from juice by ultracentrifugation or after ammonium sulfate treat- 
ment, have been found to pass filters of about 400 my average 
pore diameter when in the presence of nutrient broth and phos- 
phate at pH 8.5, it seems likely that those filtration results of 
Bawden and Pirie, in which water or dilute buffer alone was used 
as the solvent, can be explained by adsorption on the filter surface. 
Such a result would be expected in the absence of capillary-active 
substances (25). The evidence for an increase in stream double 
refraction is also questionable, because, as shown by Lauffer and 
Stanley, infectious juice from latent mosaic plants does show 
stream double refraction. In addition to these considerations, 
samples of low activity obtained after (NH,)2SO, treatment, as 
shown by Wyckoff,’ have given a sedimentation diagram similar 
to that obtained from samples which have had no (NH,).SO, 
treatment, except that the boundaries instead of being sharp and 
well defined have been relatively diffuse. It seems unlikely, 
therefore, that the loss of activity can be explained entirely on the 
basis of an irreversible aggregation. It may also be due to slight 
chemical changes in some of the virus particles. The analyses of 
samples prepared by different methods provide some evidence for 
this. Samples prepared by ultracentrifugation as compared with 
those obtained by Bawden and Pirie have shown differences in 
nitrogen, phosphorus, and carbohydrate content. The ratios of 
nitrogen to phosphorus and of nitrogen to carbohydrate are 
lower for samples prepared by ultracentrifugation of juice than 
those for samples obtained after repeated ammonium sulfate 
precipitation. This suggests that phosphorus and carbohydrate 
may have been lost after the chemical treatment. It might be 
expected that contact with strong electrolyte would cause some 
dissociation of protein and nucleic acid similar to that found for 
the simple nucleoprotein present in fish sperm, and that precipita- 
tion of the protein with salt might result in a loss of nucleic acid. 


SUMMARY 


The yields and relative or specific activity of latent mosaic 
virus prepared by chemical treatment and ultracentrifugation at 
low temperatures have been determined. The results show that 
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purified virus varied widely in relative activity, depending on the 
type of treatment used for purification. Repeated precipitation 
with salt or acid in general produced preparations of low and vary- 
ing activity, as compared with virus obtained by ultracentrifuga- 
tion, which possessed a uniform and high activity. The loss in 
activity was not accompanied by striking changes in the properties 
of the different preparations. They have the same qualitative 
solubility, the same serological properties, about the same ability 
to pass ultrafilters of about 450 mu average pore diameter when 
dissolved in nutrient broth and 0.1 m phosphate at pH 8.5, and 
like the highly active virus form liquid crystalline solutions. They 
differ from the more active preparations in forming more opales- 
cent solutions and in giving highly diffuse boundaries in the 
analytical ultracentrifuge. The loss in activity may be due partly 
to slight chemical changes which have taken place in such prep- 
arations. 

The analyses of virus purified by ultracentrifugation are those of 
a nucleoprotein containing about 6 per cent nucleic acid. Quali- 
tative tests for guanine and pentose and the isolation of a material 
with the qualitative solubility of yeast nucleic acid also show that a 
pentose nucleic acid is present. The ratio of carbohydrate to 
phosphorus is about twice that found by the same method of 
analysis for yeast nucleic acid; in addition to carbohydrate com- 
bined as nucleic acid other carbohydrate may therefore be present. 

The latent mosaic virus is relatively unstable below pH 4 but 
stable over the range from pH 7.5 to 9, in contrast to tobacco 
mosaic virus which is stable below pH 4 but unstable between 
pH 7.5 and 9. 

The relatively high homogeneity of the virus purified by the 
ultracentrifugation of clarified infectious juice, as shown by its 
uniform specific activity and the sharp boundaries obtained in the 
analytical ultracentrifuge, and the ability of the virus to pass 
ultrafilters of about 250 my average pore diameter indicate that 
such virus, in contrast to that prepared by treatment with am- 
monium sulfate, is essentially the same as that present in infec- 
tious juice. 
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ACTION OF WHEAT AMYLASES ON SOLUBLE STARCH * 
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(Received for publication, June 23, 1938) 


It was early discovered that at least two types of amylases 
exist, each capable of hydrolyzing starch, but in different manners. 
The mode of action by the two amylases has been subjected to 
many investigations. The saccharifying action is observed by 
reducing sugar determinations, the liquefying activity by the 
changes in viscosity of starch pastes. The dextrinizing activity 
may be followed by changes in tbe iodine color according to the 
method described by Wohlgemuth (1908), and also by the alcohol 
precipitation of the undextrinized starch, as shown by Caldwell 
and Hildebrand (1935). 

B-Amylase, the saccharifying enzyme, produces an immediate 
appearance of maltose, while the iodine color reaction remains 
until most of the starch is saccharified. This enzyme is generally 
thought to hydrolyze maltose units from the ends of the starch or 
dextrin molecules. a-Amylase, the dextrinizing enzyme, ap- 
parently attacks the starch molecules at some internal linkages, 
thereby producing a rapid breakdown of the starch to the dextrin 
stage, resulting in an early disappearance of the iodine color 
reaction. 

Several methods have been used in separating the amylases. 
Ohlsson (1926) used a procedure based on the thermolability of 
8-amylase and the acid lability of a-amylase. Klinkenberg (1932) 
employed an alcohol precipitation technique. Waldschmidt- 


* Paper No. 1624, Journal Series, Minnesota Agricultural Experiment 
Station. Condensed from a thesis presented by Olof E. Stamberg to the 
Faculty of the Graduate School of the University of Minnesota in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy, 
June, 1938. 
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Leitz and Purr (1931) used selective adsorption on colloidal 
aluminum hydroxide. Sherman, Caldwell, and Doebbeling (1934) 
fractionated the amylases by an ammonium sulfate precipitation. 
Holmbergh (1933) selectively adsorbed 8-amylases on various 
starches, and in 1937 he described the preparation of a-amylase 
by rapid shaking of an alcoholic enzyme extract saturated with 
chloroform. Myrbiick and Ortenblad (1937) studied a variety 
of methods to purify and isolate the amylases from barley extracts. 
Caldwell and Doebbeling (1935) obtained two distinct amylases, 
an amyloclastic and a saccharifying, from barley malt by the am- 
monium sulfate precipitation method. 


EXPERIMENTAL 


Two preparations of 8-amylase and two of a-amylase from wheat 
were made by different methods. The $-amylase preparations 
were from normal wheat, and the a-amylase preparations were 
from germinated wheat. For the latter the wheat was steeped 
for 2 days at about 16° and then allowed to germinate at 20° for 
3 days. The malted wheat was dried at 25°. The wheat samples 
were ground in a burr mill to a fine meal. 1 kilo of meal was 
extracted for 1 hour at 5° with 2.5 liters of aqueous 0.05 per cent 
NaH2PO, solution. 

One method used for the preparation of the amylases was that 
described by Klinkenberg (1932). a-Amylase was precipitated 
at 60 per cent concentration of alcohol by volume and 8-amylase 
was precipitated at 80 per cent concentration from the respective 
extracts. The other method used was a combination of Ohlsson’s 
(1926) and Klinkenberg’s methods. According to Ohlsson the 
a-amylase is prepared by heating an extract to 70° for 15 minutes, 
thus inactivating most of the 6-amylase present. $-Amylase is 
prepared by acidifying an extract with dilute HCl to pH 3.3 for 
15 minutes at 0°, a treatment which inactivates most of the 
a-amylase. The method employed was to treat the respective 
extracts first according to Ohlsson’s procedure and then precipitate 
the enzymes according to Klinkenberg’s method. 

All precipitates were washed with absolute alcohol and dried 
over CaCl, in a vacuum desiccator. The enzyme preparations 
made by Klinkenberg’s method will be referred to as Amylase 1, 
and those with the combined Ohlsson and Klinkenberg methods 
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as Amylase 2. The yields of dry enzyme preparation based on 
the wheat meal used were 1.75 per cent a-Amylase 1, 0.7 per cent 
a-Amylase 2, 1.71 per cent §-Amylase 1, and 0.55 per cent 8- 
Amylase 2. 

A commercial diastase preparation, Merck’s malt diastase, 
was used in addition to the prepared amylases. This will be re- 
ferred to as malt diastase. Lintner soluble starch (Merck) was 
used throughout. A citrate buffer (Clark, 1920) at pH 5.1 
was used, the final concentration in all hydrolysates being 0.02 
n. The temperature used was 30°, except for the Wohlgemuth 
tests at 40°. The ferricyanide reduction method (Blish and 
Sandstedt, 1933) was used for all maltose determinations. 


TaBLe I 
Resulis of Wohlgemuth and Caldwell-Hildebrand Tests on Enzyme 


Preparations 


‘ Erythro-R Starch dextrinized, 
Ensyme Wohlgemath value, per cent not precipitated 


— hydrolysis 55 per ant alcohol 
per cent 
a-Amylase 2 214 15 64.4 
eee rs, 171 37.8 46.4 
Malt diastase....... 100 44.4 40.4 
B-Amylase 1... <1 7.4 
7 . <i 3.7 


* Expressed as mg. of starch hydrolyzed per mg. of enzyme. 


Wohlgemuth Tests and Erythro-R Values—Wohlgemuth (1908) 
tests for the dextrinizing actions of the enzymes were made with 
3 cc. of 2 per cent boiled soluble starch diluted with enzyme solu- 
tion to 6 cc. and hydrolyzed for 1 hour. The value as expressed 
in Table I is in terms of mg. of starch hydrolyzed to the red-violet 
(erythro) end-point per mg. of enzyme. The reducing values 
reached at the end-point (the erythro-R values) in terms of per cent 
hydrolysis according to maltose determinations are also shown in 
Table I. 

Caldwell-Hildebrand Tests—The dextrinizing activity of the 
enzymes according to the method of Caldwell and Hildebrand 
(1935) was determined on a 25 cc. portion of 2 per cent soluble 
starch paste which was hydrolyzed for 10 minutes at 30° with 10 
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mg. of enzyme. The percentage of starch dextrinized and not 
precipitable in 55 per cent alcohol is shown for each enzyme in 
Table I. Thus a higher value indicates higher dextrinizing 
activity of the enzyme. 

Reducing Sugar Tests—The progress of the action of the enzymes 
was observed by reducing sugar determinations on 100 cc. of 1 
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Fig. 1. Action of the enzymes on soluble starch at 30°, pH 5.1, with 5, 10, 
25, and 50 mg. of each, as determined by the reducing sugar method (Ry ) 
and expressed as per cent of available maltose. 


per cent Lintner soluble starch. Cork stoppers were used to pre- 
vent evaporation and a few drops of toluene were added to each 
hydrolysate to prevent bacterial action. The rate of hydrolysis 
at various enzyme concentrations is shown graphically in Fig. 1. 

a-Amylase 2 and $-Amylase 2, which apparently were quite 
pure as to their dextrinizing and saccharifying actions respectively, 
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were used for additional work. A 25 mg. portion of a-Amylase 2 
was allowed to act on 100 ce. of 1 per cent boiled soluble starch 
solution for 12 hours. The hydrolysate was then divided into 
four aliquots and treated as follows: (1) this aliquot was boiled 
under a reflux for 1 minute to inactivate the e-amylase, and 
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Fic. 2. Per cent hydrolysis (reducing sugar method) of a-Amylase 2 and 
8-Amylase 2 acting together, and each enzyme acting alone for 12 hours, 
after which aliquots were treated as indicated. The details are described 
in the text. 


8-amylase was then added, the equivalent of 50 mg. per 100 cc. 
being used; (2) more a-Amylase 2, equivalent to 25 mg. per 100 
ec., was added; (3) buffered water (pH 5.1) was added, thus 
diluting the system 1:1; (4) added 20 ec. of the original 1 per 
cent soluble starch solution. Another set of hydrolysates was 
made similarly but with 50 mg. of 8-Amylase 2 for 12 hours, fol- 
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lowed by division of the hydrolysate into four aliquots. In one 
hydrolysate, 50 mg. of 6-Amylase 2 and 25 mg. of a-Amylase 2 
were used together. The results are shown graphically in Fig. 2, 
as obtained by maltose determinations and expressed as per cent 
hydrolysis. 

Manometric Study of Action of Amylases—With 100 ce. of 1 
per cent boiled soluble starch buffered at pH 5.1, 10 mg. of 
enzyme, and 2 gm. of starch-free yeast the CO, pressure was 
followed for 28 hours for each enzyme by means of flasks attached 
to manometers. The pressure was not allowed to rise above 
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Fia. 3. Curves in the left-hand section were obtained by the reducing 
sugar method. The curves in the right-hand section give pressures ob- 
tained by the yeast-manometric method, with 10 mg. of enzyme in all cases. 
Per cent hydrolysis-CO, represents the estimated values at the respective 
pressures. 


about 200 mm. of Hg before being released. The flasks were 
shaken until a constant pressure was obtained before each reading 
and release of pressure. Fig. 3 shows the pressure curves obtained 
and also the curves obtained by the reducing sugar method. A 
blank with the yeast and the starch suspension gave no pressure, 
an indication that the yeast preparation had no amylase activity. 

The values in Figs. 3 and 4 expressed as per cent hydrolysis-CO, 
were obtained by the following method. Solutions of analyzed 
maltose were employed containing maltose equivalent to 10, 25, 
50, and 75 per cent hydrolysis, respectively, of the 1 per cent starch 
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solution. To these were added 2 gm. of fresh yeast, and 0.5 gm. 
of dried yeast to supply the activator described by Blish and 
Sandstedt (1937). At the end of the hydrolysis only traces of 
reducing substances remained, indicating the maltose was com- 
pletely fermented. The concentrations of the maltose solutions 
were determined by reducing sugar tests. The method was only 
an attempt to estimate the relation between the pressure values 
and the per cent hydrolysis by the reducing sugar method with the 
particular system used. The total pressures obtained for maltose 
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Fic. 4. The action of 25 mg. of a-amylase and 50 mg. of 8-amylase to. 
gether, first 25 mg. of a-amylase then 50 mg. of 8-amylase, and first 50 mg 
of B-amylase then 25 mg. of a-amylase as followed by the reducing sugar 
method (Ry) and the yeast-manometric method (CO,). a-Amylase 2 and 
B-Amylase 2 were used. 


equivalents of 10, 25, 50, and 75 per cent hydrolysis of the starch 
solution were 107, 362, 728, and 1106 mm. of Hg, respectively. 

Fig. 4 shows graphically the results of a series of tests on the 
purer amylases (a-Amylase 2 and 6-Amylase 2) under similar 
conditions as for Fig. 3. Each enzyme acted alone, since the 
solutions were boiled under a reflux for 1 minute before the addi- 
tion of the other enzyme. 


DISCUSSION 


The various tests applied to the enzyme preparations indicate 
that both 8-amylase preparations were quite free from a-amylase. 
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This is in agreement with Nord and Ohlsson (1932) and Andrews 
and Bailey (1934) that the chief enzyme in normal grain is £- 
amylase. Both of these enzymes hydrolyzed soluble starch to 
about 60 per cent (reducing sugar method) leaving the erythro- 
granulose portion. This has been observed by most workers who 
employed pure 8-amylase. 

a-Amylase 2 was the most active dextrinizing enzyme, as shown 
by the high Wohlgemuth value, an erythro-R value of 15.3 per 
cent, and the greater dextrinizing action, as determined by the 
alcohol precipitation method. This enzyme hydrolyzed the 
soluble starch to about 40 per cent, as determined by the reducing 
sugar method. a-Amylase 1 had less dextrinizing action and 
appeared to have appreciable quantities of B-amylase present, 
as shown by the higher erythro-R value of 37.8 per cent and the 
ability to hydrolyze soluble starch paste to about 89 per cent. 
Malt diastase had slightly less dextrinizing action than a-Amylase 
1, but the latter two enzymes acted much alike, as measured by 
the reducing sugar method. 

The graphs in Fig. 2 show that when a-amylase was allowed to 
act first, followed by 8-amylase, about the same amount of hy- 
drolysis was obtained as when both enzymes acted together. 
This confirms the conclusion of Ohlsson (1926) that a-amylase 
produces mainly dextrins which then serve as substrate for p- 
amylase. When §-amylase was allowed to act first to 52 per cent 
hydrolysis, the a-amylase would then proceed to about 67 per 
cent, an increase of only 15 per cent. Thus Klinkenberg’s theory 
that starch has 36 per cent a starch attacked only by a-amylase 
and 64 per cent 8 starch attacked only by 8-amylase appears 
erroneous. Hanes (1935) concluded that the amylases do not 
show the specificity of action proposed by Klinkenberg. Freeman 
and Hopkins (1936) likewise concluded that a- and 8-amylases 
attack most readily the same fractions of the starch. The addi- 
tion of more enzyme or the dilution of the system did not increase 
the rate of action appreciably after the respective enzymes had 
acted for 12 hours. Addition of more starch solution showed that 
the enzymes were still active in the hydrolysates after 12 hours. 
8-Amylase appeared to remain much more stable than the a- 
amylase after 12 hours under the conditions. 

The yeast-manometric method used in this study in combination 
with the reducing sugar method proved useful in demonstrating 
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that a-Amylase 2 was quite free from the 8 enzyme, and that 
a-amylase produces mainly non-fermentable reducing dextrins 
which are easily saccharified by 8-amylase. a-Amylase 2 did not 
produce fermentable reducing sugars equivalent to the per cent 
hydrolysis by the reducing sugar method, and as estimated from 
the CO, pressure values only about 12 per cent was due to fer- 
mentable sugars, while the remaining 28 to 30 per cent was due to 
non-fermentable reducing substances. Blom, Braae, and Bak 
(1938) using a commercial bacterial amylase high in a-amylase, 
showed that not all of the products formed during the early stages 
of starch hydrolysis were fermentable sugars, as indicated by the 
difference in reducing value of the hydrolysates before and after 
the action of yeast. Fig. 4 gives additional evidence that pure 
a-amylase does not produce fermentable reducing sugars equiva- 
lent to the per cent hydrolysis by the reducing sugar method. 
Addition of 8-amylase following the action of a-amylase produced 
a rapid appearance of fermentable sugars. The addition of a- 
amylase after 8-amylase had acted showed that although reducing 
groups appeared there was very little fermentable material. 


SUMMARY 


Two a-amylase preparations were made from germinated wheat, 
the first by direct alcohol precipitation, and the second by a heat 
treatment of the extract followed by alcohol precipitation. These 
are referred to here as a-Amylase 1 and a-Amylase 2, respectively. 
Two 8-amylase preparations were made from normal wheat, the 
first by direct alcohol precipitation, the second by an acid treat- 
ment of the extract followed by alcohol precipitation, referred to 
as B-Amylase 1 and 8-Amylase 2, respectively. 

Both 8-Amylase 1 and §8-Amylase 2 were quite pure (free from 
a-amylase), indicating that normal wheat contains primarily 
B-amylase. a-Amylase 2 was a very active and quite pure dex- 
trinizing amylase, while a-Amylase 1 appeared to be a mixture and 
acted much like commercial malt diastase. 

Hydrolysis of soluble starch by the S-amyiase preparations 
was about 60 per cent, by a-Amylase 2 about 40 per cent, and by 
a-Amylase 1 and malt diastase about 85 per cent, as determined by 
the reducing power in terms of available maltose. a- and - 
amylase apparently attacked the same portion of the starch. 

With a yeast-manometric method and soluble starch as sub- 
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strate, it was apparent that the pure a-Amylase 2 produced mainly 
non-fermentable reducing dextrins together with some fermentable 
reducing sugars. The other enzyme preparations produced fer- 
mentable reducing sugars equivalent to the reducing value. 
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REVERSIBLE ACTION OF OXIDIZED PHENOLS IN THE 
DEAMINATION OF CERTAIN AMINO ACIDS 


By STEPHEN 8. HUBARD 
(From the Department of Chemistry, Cornell University, Ithaca) 


(Received for publication, August 23, 1938) 


Robinson and McCance (1), in reporting work confirming the 
conclusions of Happold and Raper (2) that a phenolic substance 
is necessary for the oxidative deamination of amino acids in the 
presence of tyrosinase, suggest that their results indicate a coupled 
reaction of some sort for the breakdown of the acids. Subsequent 
work has shown that this is so. Phenolic substances which can 
function in such deaminations are converted into o-quinones, and 
these oxidatively deaminize amino acids in the absence of the en- 
zyme (2,3). The rdle of the latter is to oxidize the phenolic sub- 
stance to a form that can react with the amino acid, and not to 
bring about the breakdown directly. No systematic data exist 
to indicate whether the quinone intermediate can function re- 
versibly if the amount of amino acid is too great to be entirely 
consumed in a primary reaction with it. Presumably, the o-quin- 
one is reduced by the amino acid to an o-dihydroxylic compound, 
which might then be enzymically reoxidized to a quinone, and so 
react with more of the amine acid. On the other hand, it might 
be removed from the sphere of reaction by combining with the 
end-products; both processes might take place to some extent. 

Accordingly, solutions containing fixed amounts of tyrosinase 
and glycine with varying amounts of p-cresol were aerated and the 
extent of deamination determined. 


EXPERIMENTAL 


If the quinone group of the oxidized phenol is reduced by 2 
hydrogen atoms from the amino acid, then the phenol and the 
acid are equivalent mole per mole. On this basis, 72 mg. of 
p-cresol are equivalent to 50 mg. of glycine and are the amount 
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of p-cresol used as a reference in planning our study. Erlenmeyer 
flasks of 125 cc. capacity containing 50 mg. of glycine dissolved 
in 10 cc. of a phosphate buffer solution adjusted roughly to pH 
7.8, 10 cc. of a tyrosinase extract prepared essentially according 
to the method of Graubard and Nelson (4), with a trace of toluene 
as a preservative, and the various quantities of p-cresol listed in 
Table I were plugged with cotton and kept in a 20° incubator for 
72 hours, with occasional shaking to saturate the solutions with 
oxygen. 

After 3 days, the ammonia was distilled from each solution fol- 
lowing the addition of excess calcium hydroxide, and a standard 











Taste [ 
Deamination in Presence of Varying Amounts of p-Cresol 
| 8 | Actual re 
Deamina- | covery oF 
Deter- Satin St Glyei tion expected note —- in 
mination | PCr | Amino | Clysine  ("iPperooal | N recovered terme of e 
versibly | | Van Si . & 
i m.. ‘ ne. é oueunt oe eunt mg. ’ | per cent 
Blank 0 9.34 0 0 | 0 
1 1 7.04 24.6 1.4 | 2.38 | 103.5 
2 2 6.56 29.8 2.8 | 2.52 | 90.7 
3 1 5.67 39.2 56.6 | 3.29 | 87.3 
4 12 3.57 61.7 16. | 4.20 | 72.8 
5 36 1.58 83.1 50.0 | 4.38 56.5 
6 72 1.36 85.4* 100.0* | 4.51 56.5 
7 144 1.31 85.9% | 100.0% | 4.33 | 53.9 




















* See “Discussion.” 


Van Slyke determination of the amino nitrogen was made. The 
data and results are given in Table I. 


DISCUSSION 


The results show clearly that the glycine in the flasks containing 
less than the equivalent of p-cresol undergoes oxidative deamina- 
tion to an extent considerably beyond that expected if the o-quin- 
one group were not regenerated by enzymic oxidation. The 
figures might have been even higher if agitated manometers had 
been used, for the reaction did not go to completion in the solu- 
tions containing an excess of p-cresol, probably because the oc- 
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casional shaking did not furnish sufficient oxygen while the enzyme 
was still active." 

The reversibility is not complete; that is, the smaller amounts 
of p-cresol do not effect the oxidation of as much glycine as do the 
larger ones. Apparently, while the main reaction is in progress, a 
part of the oxidized p-cresol is removed by reaction with one or 
more of the end-products of the deamination. This seems the 
more probable when it is noted that less than the expected amount 
of ammonia is recovered, and that the loss is greater the greater 
the percentage deamination. Our results agree with those of 
Pugh and Raper (3) in showing this incomplete recovery. 

If the oxidized p-cresol functions reversibly, then the amount of 
oxygen needed to regenerate it to the extent consistent with the 
amount of deamination in a particular case should agree with the 
amount of oxygen consumed by that solution in excess of what is 
taken up by a similar one containing p-cresol without glycine. 
This is supported by data of Robinson and McCance (1). For 
2.5 mg. of p-cresol to deaminize almost completely 4.5 mg. of 
glycine, 620 c.mm. more of oxygen should be used by the system 
when the glycine is present than when it is absent. Robinson 
and McCance found 1255 e.mm. with glycine, 615 ¢.mm. without 
it, giving a difference of 640 c.mm., which agrees well with our 
calculated value of 620 c.mm., based upon 1 atom of oxygen per 
mole of oxidized p-cresol to convert the o-dihydroxyl group to an 
o-quinone. 

Since catechol acts in a deamination by means of the o-quinone 
group in its oxidized form, it should also be expected to function 
reversibly. Results of Robinson and McCance can be explained 
on this basis. A calculation corresponding to that in the preced- 
ing paragraph gave 397 c.mm., against an observed value of 380 
c.mm. (difference between 790 and 410). Leucine and p-cresol 
gave 488 c.mm., calculated, and 540 ¢.mm., observed. The data 
for alanine with p-cresol and glycine with resorcinol were insuffi- 
cient for such comparisons. 


SUMMARY 


1. p-Cresol functions reversibly in the oxidative deamination 
of glycine through the enzymic regeneration of the o-quinone group 


1 Robinson and McCance found 94.5 per cent of their glycine deaminized 
(calculated by us from their data). 
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in its oxidized form, after the latter has reacted with some of the 
glycine. 

2. A very small amount of p-cresol does not take care of an 
unlimited amount of glycine, owing probably to the removal of 
part of the oxidized p-cresol to form a complex with some of the 
end-products, simultaneously with the main reaction. 

3. Catechol with glycine and p-cresol with leucine probably 
function reversibly also, since the data of Robinson and McCance 
are consistent with this theory. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 


IV. THE PHOSPHOLIPID METABOLISM OF THE BRAIN* 


By G. W. CHANGUS, I. L. CHAIKOFF, anp 8S. RUBEN 


(From the Division of Physiology of the Medical School and the Department of 
Chemistry, University of California, Berkeley) 


(Received for publication, August 26, 1938) 


Phospholipid is abundant in the brain, yet little is known of its 
metabolic activity there. McConnell and Sinclair (1) employed 
elaidic acid for comparing the phospholipid turnover of various 
tissues. They found that brain incorporates elaidic acid into 
cephalins and lecithins more slowly than muscle or liver. In 
previous reports from this laboratory (2-4), in which the new 
indicator, radioactive phosphorus, was used for labeling phos- 
pholipids, it was shown that radioactive phospholipids are more 
slowly deposited or synthesized by brain than by kidney, liver, 
or gastrointestinal tract. Similar observations have been made 
by Hahn and Hevesy (5). 

In the present study, the rate of phospholipid turnover was 
studied in rat brains for several weeks after the administration 
of radioactive phosphate. It is shown that, despite the slow 
turnover, brain continues to increase its net content of radioactive 
phospholipid for several days after the ingestion of radioactive phos- 
phate and that, once the maximum amount has been deposited, 
very little loss occurs even as late as 3 weeks after. The sensi- 
tivity of the radioactive indicator method in following phospho- 
lipid metabolism in tissues is particularly well brought out by the 
present investigation, for amounts as low as 0.01 per cent of the 
labeled phosphorus fed were measured after its incorporation 
into phospholipid. 


* Aided by grants from Child Neurology Research (Friedsam Founda- 
tion) and from the Research Board of the University of California. 
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EXPERIMENTAL 


The data recorded in this study were obtained from 159 rats. 
Experiments were conducted on several groups of animals, these 
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2/0 20 120-162) 144) 26 | 2) 5.0 4.0) “ a 
3 |@ 20 |120-162) 144, 26 | 2 | 5.0) 4.0 ‘* 26 hrs., then given 
| | | | access to food 
4/8 1 4 |116-160 137) 24 1 | 0.5 4.0) Fasted 24 hrs., then sacri- 
| ficed 
5|°; 1 | 14 |110-150) 138; 26 | 2 |10.0' 7.0) Fasted 26 hrs., then access 
| | | to food 
6 iO) 1 4 100-118) 106) 26 | 1 4.2 8.0 a a 
7 |X} 1 4 206-240) 228; 26 | 1 | 4.2 8.0) " “ 
8/0} 1 | 8| 58 75 67) 17 | 1 | 4.2) 8.0) Fasted 24 hr&., then access 
| | to food 
9/0} 2 | 30 | 28- 32; 30) 15 1 | 0.5) 4.0) Fasted 20 hrs., then access 
| i | to food 
10 |°] 2 | 13 | 32 40 39,17 /1| 4.2 8.0) Fasted 24 hrs., then access 
to food 
11 /e| 2| 8/38 | 38: 18 | 1] 2.8\ 8.0 Fasted 15hrs., then access 
| to food 








* At the time of P** administration. 

+ All feedings of labeled P given by stomach tube. 

t 1 radioactive unit ~ 2 X 10-" curie. 

§ Seventeen rats of this group received 2 cc. of olive oil just previous 
to the P** administration. 


varying in weight as well as nutritional state. The various series 
of animals studied are shown in Table I and Figs. 1 to 3. 

Each rat received by stomach tube 1 or 2 cc. of a solution of 
Na:HPO, containing between 0.5 and 42 mg. of phosphorus. 
All animals had been fasted for 15 to 26 hours beforehand. The 
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subsequent treatment varied; some were fasted throughout, 
while others were allowed access to food after the phosphate was 
fed. Both adult and young rats were investigated. The results 
obtained are shown in Figs. 1 and 2, respectively. All intervals 
shown in Figs. 1 to 3 refer to the time after the animals received 
the labeled phosphorus. Each point represents the mean value 
for radioactive phospholipid obtained from separate determina- 
tions on the brains of four rats. Labeled phospholipids were 
followed for as long as 800 hours after the administration of the 
radioactive phosphorus. 

Treatment of Brain Tissue—The animals were sacrificed by 
decapitation and the brain removed immediately thereafter. 
Care was taken to insure uniformity in the amount of tissue ex- 
cised. The brain, including the olfactory lobes, was raised from 
the floor of the cranium and the nerves cut close to the base. 
The hypophysis was not included. The brain was then severed 
from the cord by section at the level of the first cervical nerve 
and immediately placed in 50 ec. of 95 per cent ethyl alcohol and 
refluxed for 2 hours at approximately 55°. The solvent was then 
decanted and the brain residue finely minced and again extracted 
once or twice by refluxing for 2 hours with fresh portions of 50 cc. 
of ethyl alcohol. The residue thus obtained was placed in a 
Soxhlet apparatus and subjected to continuous extraction for 12 
hours, the first 6 with ethyl ether, the second 6 with petroleum 
ether. The alcohol, ethyl ether, and petroleum ether extracts 
were combined and concentrated in vacuo at 55° to a volume of 
approximately 5 cc. in the presence of a stream of CO,. The 
lipids were extracted from this concentrate with several washings 
of petroleum ether in a separatory funnel and the phospholipids 
precipitated in a manner previously described (6). The method 
by which the phospholipids were mounted and their radioactivity 
determined has been noted elsewhere (2). 

In two groups of rats the brain residues obtained by this treat- 
ment were subjected to further extraction with five portions of 
20 cc. of hot chloroform. In the case of one group a carrier in 
the form of soy bean lecithin was added to the chloroform ex- 
tracts and the radioactivity measured in the phospholipids iso- 
lated by precipitation with acetone and magnesium chloride (6). 
In the other group the radioactivity was determined in the entire 
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chloroform extract. The radioactivity of the extracts prepared 
from the brain residues of both groups was negligible in com- 
parison with that found before extraction with chloroform. 


Results 


The results obtained with eleven groups of rats are shown in ~ 


Figs. 1 and 2. In the former are recorded the values for radio- 
active phospholipid found in the older rats; Fig. 2 contains the 
values for the younger group of rats. 

Radioactive phospholipid slowly accumulates in the brains of 
both young and adult rats, the amount deposited by both groups 
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Fic. 1. The labeled phospholipid content per gm. of adult brain. The 
ordinates represent the per cent of administered phosphorus found as 
phospholipid per gm. of brain tissue. For the meaning of the symbols see 
Table I. Each point is the mean of four separate determinations on the 


brains of four rats. 


reaching a maximum at about 200 to 250 hours after the admin- 
istration of the labeled phosphorus (Figs. 1 and 2). The amounts 
deposited in the brains of the two age groups, however, differ 
considerably (Fig. 3). At the 200 hour interval, 0.06 per. cent 
of the labeled phosphorus was found in the phospholipids of each 
gm. of adult brain, while in the younger animals 0.14 per cent was 
present. Thus, at the height of the curves, the younger brain 
shows an activity more than twice as great as the adult. This 
increased phospholipid activity is apparently a true characteristic 
of the brain of the immature animal, for although changes in 
water content have been shown to occur in the growing brain, 
these do not exceed 5 per cent in the age periods studied here (7). 
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This is in keeping with previous findings in which it was shown 
that the rate at which phospholipids are deposited is greater in 
the young than in the adult rat (1, 8). 

The slow rise of labeled phospholipid in brain tissue stands in 
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Fic. 2. The labeled phospholipid content per gm. of young brain. The 
ordinates represent the per cent of administered phosphorus found as 
phospholipid per gm. of brain tissue. For the meaning of the symbols see 
Table I. Each point is the mean of four separate determinations on the 
brains of four rats. These animals weighed 28 to 38 gm. at the time of 
receiving the radioactive phosphorus. 
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Fic. 3. The comparative labeled phospholipid metabolism in the whole 
brains of young and adult rats. The ordinates represent the per cent of 
administered phosphorus found as phospholipid in the entire brain. The 
lower curve was obtained from the older group of rats and the upper from 
the younger rats. 
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marked contrast to that of three other tissues—liver, kidney, 
and small intestine—in which it reaches a high peak within 
10 to 20 hours after the administration of radioactive phosphorus 
and then rapidly falls (2). After attaining a maximum concen- 
tration in the brain, the radioactive phospholipid decreases very 
slowly. Thus, 625 hours after the administration of the radio- 
active phosphorus the brains of adult rats still contained 70 per 
cent of the amount deposited at the 200 hour interval. The 
course of events in the brains of the younger animals is equally 
striking. At such widely differing intervals as 200 and 800 
hours after the phosphorus ingestion, their brains contained re- 
spectively 0.14 and 0.10 per cent of the fed phosphorus as labeled 
phospholipid per gm. of tissue. At the 800 hour interval their 
brains still contained 70 per cent of the amount present at the 
200 hour interval. 

The rate of phospholipid turnover in the brain is of particular 
interest in connection with its selection of fatty acids in forming 
phospholipids. The slower incorporation of elaidic acid by brain 
than by other tissues, such as liver, has led to the conclusion that 
brain is more selective in the fatty acids used in building up its 
phospholipids (1). The present study shows that the phos- 
pholipid turnover of the liver is many times that of the brain, and 
so it is to be expected that, in the presence of a foreign fat, the 
fatty acid pattern of liver phospholipid would alter much more 
rapidly than that of brain phospholipid. Hence it is not at all 
unlikely that the brain’s more rigorous selection of fatty acids 
used in the formation of phospholipids may be merely the result 
of its particular rate of phospholipid turnover. It must be re- 
cognized, however, that the present study does not necessarily 
exclude the possibility that tissues exhibit differences in their 
ability to select fatty acids for the synthesis of phospholipids. 

The results of the present study demonstrate quite clearly that 
the phospholipid content of a tissue bears no relation to its phos- 
pholipid turnover. Despite the fact that brain is particularly 
rich in phospholipids, containing, as it does, perhaps twice as 
much as liver or kidney, its phospholipid turnover, as judged by 
the formation of radioactive phospholipid, is but a fraction of that 
occurring in those tissues. 
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Variations in nutritional state failed to produce measurable 
effects on the phospholipid activity of the brains of adult animals. 
Although the rats of Group 2 were fasted and those of Group 3 
were fed throughout the period of study, the radioactive phos- 
pholipid content of both groups was practically identical after 
the ingestion of the same dose of labeled phosphorus. In this 
respect, brain again differs from liver and the small intestine, in 
both of which phospholipid activity was influenced by the in- 
gestion of oil. It is also interesting to note that rats of Group 1 
were fed 42 mg. of labeled phosphorus, whereas those of Groups 
2 and 3 received 5 mg.; yet a constant percentage of the labeled 
phosphorus fed was deposited as brain phospholipid (Fig. 1). 
The values for radioactive phospholipid of all three groups lay 
on the same curve. This is not surprising, since the 5 and 42 mg. 
of labeled phosphorus become intimately mixed with the relatively 
greater amounts of unlabeled phosphorus already present in the 
body. 


SUMMARY 


1. The phospholipid metabolism of the rat brain was inves- 
tigated with radioactive phosphorus as indicator. 

2. Following the ingestion of labeled phosphate, brain shows 
a much slower deposition of radioactive phospholipid than liver, 
kidney, or small intestine. A progressive increase in the content 
of radioactive phospholipid was observed as long as 200 hours 
after the administration of the phosphorus. Once the maximum 
amount of labeled phospholipid has been deposited, its loss from 
the brain occurs at a very slow rate. Radioactive phospholipid 
was found as late as 4 weeks after the labeled phosphorus was fed. 

3. The rate of formation of brain phospholipids is identical in 
the fed and fasted rat. 

4. The brain of the young rat incorporates radioactive phos- 
pholipid in greater amounts than the brain of the adult. 


We are indebted to Professor E. O. Lawrence and members of 
the Radiation Laboratory for the radioactive phosphorus used 
in this study. It was prepared by bombardment of phos- 
phorus with deuterons accelerated in the cyclotron. Assistance 
was also furnished by the Works Progress Administration. 
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THE METHYLATION OF URSOLIC ACID 


Bry HAROLD M. SELL anp ROLAND E. KREMERS 
(From the Research Laboratory, General Foods Corporation, Battle Creek) 


(Received for publication, September 6, 1938) 


The literature dealing with the methylation of ursolic acid 
(1-7) indicates that disagreement exists among various investi- 
gators on the identity of methyl ursolate (C.,H«(OH)COOCH;) 
obtained. This might be ascribable to variations in the purity 
of the ursolic acid used by the different investigators or to the 
influence of the reagents and conditions employed in the meth- 
ylation. 

In 1933, Kuwada and coworkers (6, 7) reported two methylation 
products of ursolic acid which they considered to be isomeric 
forms of methyl ursolate. Product I (m.p. 230°, 3.4 per cent 
OCH;, theory 6.6 per cent OCHs, slightly soluble in acetone) and 
Product II (m.p. 170-172°, 5.93 per cent OCHs, soluble in acetone) 
were obtained upon treatment of ursolic acid with diazomethane, 
methyl iodide-silver oxide, or alkali and dimethyl sulfate. 

By the action of diazomethane on crude ursolic acid, Jacobs 
and Fleck (5) obtained two products, one which melted at 221- 
222° (3.3 per cent OCHs, slightly soluble in acetone) and another 
product which melted at 110—120° (6.3 per cent OCH; and soluble 
in acetone). The acetone-soluble product was identical with the 
previously known methyl ursolate monohydrate. They regarded 
the higher melting product as being “‘possibly a molecular asso- 
ciation compound of ursolic methyl ester and some other substance 
of the same molecular order” and not as an isomeric ester. 

In view of the analytical results recorded by both groups of 
investigators, the interpretation of Jacobs and Fleck (5) appears 
to be more rational than that advanced by Kuwada and coworkers 
(6, 7). In order to settle the issue raised by these conflicting 
reports, methyl ursolate was prepared by the three different 
methods of methylation described above and the reaction products 
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were carefully examined. All reactions were carried out with 
purified ursolic acid, m.p. 283-284°, which yielded derivatives of 
accepted constants. After methylation, the unchanged material 
was removed from the methyl! ursolate. 

In our experiments the same methyl ester was obtained by all 
three procedures. The solubility of the product in acetone and 
the excellent yields of 94 to 97 per cent of the methyl ester, m.p. 
170-171°, show that none of the so called high melting product of 
the Japanese authors was formed. Until it can be shown that 
an isomeric methyl ester can be obtained from a definitely charac- 
terized isomeric acid, we are inclined to believe that only one true 
methyl ester of ursolic acid exists. This is the ester which melts 
at 170-171° when anhydrous and has an indefinite melting point 
when it contains water of crystallization. 


EXPERIMENTAL 


Methylation of Ursolic Acid with Dimethyl Sulfate—To 3 gm. 
of ursolic acid dissolved in 50 cc. of absolute methanol were added 
6.58 ce. of normal alcoholic potassium hydroxide and 1.0 gm. of 
redistilled dimethyl sulfate. The mixture was refluxed for 3 
hours, poured into water, and then extracted with ether. The 
ether solution was washed three times with 100 cc. portions of 
cold 3 per cent sodium hydroxide solution and once with 100 ce. 
of water, and evaporated; the residue, dried on a steam bath, 
weighed 2.9 gm. (94 per cent of the theoretical) and had a melting 
point of 169-170°. The ester was recrystallized from 70 per cent 
ethanol and air-dried overnight. The melting point was indefinite 
above 110° and the loss of weight at 111° and 5 mm. was 4.23 
per cent. The anhydrous product melted at 170°. 

Methylation of Ursolic Acid with Diazomethane—-To 3 gm. of 
ursolic acid were added 5 gm. of diazomethane in 100 cc. of ether. 
The reaction was allowed to proceed until solution was complete. 
The ether and diazomethane were removed by evaporation. The 
product was redissolved in ether and treated in the same manner 
as the product from dimethy! sulfate. The yield was 2.9 gm. or 
94 per cent of the theoretical; m.p. 170-171°. The melting point 
after recrystallization from 70 per cent ethanol was indefinite 
above 110° and the loss of weight at 111° and 5 mm. was 4.5 
per cent. The final product melted at 171°. 
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Methylation of Ursolic Acid with Methyl Iodide—The silver salt 
prepared from 3 gm. of ursolic acid was placed in a flask with 20 
ec. of absolute methanol, 33 cc. of redistilled methyl iodide, and 
35 cc. of ether, and refluxed for 3 hours. The precipitated silver 
iodide was removed by filtration and the solvents removed by 
evaporation. The residual methyl ester was taken up in ether and 
purified as previously described. The yield was 3 gm. or 97 per 
cent of the theoretical; m.p. 169.5°. After recrystallization from 
70 per cent ethanol, the melting point was indefinite above 110° 
and the loss of weight on drying was 4.35 per cent. The final 
melting point was 170°. 


SUMMARY 


Ursolic acid was esterified with diazomethane, methyl] iodide 
(silver ursolate), and dimethyl sulfate. The same ester, m.p. 
170-171°, was isolated in each instance. This is not in harmony 
with the reports of Kuwada and coworkers who claim that there 
are two isomeric esters of ursolic acid. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE 
BACILLI 


LIV, THE ISOLATION AND PROPERTIES OF MYCOLIC ACID* 


By F. H. STODOLA,t ALEX LESUK,t{ anv R. J. ANDERSON 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, August 13, 1938) 


In the analysis of the purified wax (1) isolated from the human 
tubercle bacillus it was found that the principal ether-soluble 
constituent was a hydroxy acid of very high molecular weight 
which was designated by the term “unsaponifiable wax’’ (2). 
This substance has been the subject of further studies, the results 
of which are reported in this paper. 

The so called waxes of the human tubercle bacillus are exceed- 
ingly complex mixtures and they show great differences in com- 
position. Some of the wax fractions that we have examined con- 
tain large quantities of carbohydrates, for instance the purified 
wax (1) and the unfiltrable lipid (3); again, other fractions, such 
as the soft wax (4), are complex glycerides. The carbohydrate 
components when present are easily split off by treatment with 
alcoholic potassium hydroxide, the wax being thus separated into 
two fractions, (a) water-soluble carbohydrate and (b) ether-soluble 
compounds. The ether-soluble components consist of a mixture 
of fatty acids and incompletely saponified wax-like material. 
The waxy substance can be separated from the fatty acids by 
precipitation from ether solution with alcohol. The alcohol- 
insoluble material is extremely stable but on prolonged saponi- 


* The present report is a part of a cooperative investigation on tuber- 
culosis; it has been supported partly by funds provided by the Research 
Committee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1936-37. 

¢ Holder of a National Tuberculosis Association Graduate Fellowship at 
Yale University, 1937-38. 
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fication it yields fatty acids and the dihydroxy monomethoxy al- 
cohol, phthiocerol (5). The chief component, however, is the 
hydroxy acid with properties very similar to those of the “un- 
saponifiable wax.” 

In view of the fact that the hydroxy acid of high molecular 
weight is the principal ether-soluble constituent of all the wax 
fractions of the human tubercle bacillus and further that analogous 
hydroxy acids form the chief ether-soluble components of the 
waxes of other acid-fast bacteria, it seems desirable to designate 
these peculiar acids by some distinctive name. We propose, there- 
fore, to name the hydroxy acid from the human tubercle bacillus 
wax mycolic acid. Analogous acids from other acid-fast bacteria 
may then be designated by adding some appropriate prefix to 
mycolic acid. 

The properties of mycolic acid differ very slightly from those 
described for the “‘unsaponifiable wax.’’ Mycolic acid is acid- 
fast. It is a saturated acid with a low dextrorotation and it con- 
tains hydroxyl and methoxyl groups. The simplest formula cal- 
culated from its composition is CsgsHiwO, or CssHieO, on the 
assumption that it is a monobasic acid. It may, however, be a 
dibasic acid having a molecular weight of about 2600. 


EXPERIMENTAL 


In the examination of a wax fraction of the human tubercle 
bacillus described in Paper XLVI of this series (5) Stodola and 
Anderson found that the principal cleavage products were (a) a 
material whose properties corresponded to the so called ‘“unsaponi- 
fiable wax,” (b) certain fatty acids of high molecular weight, and 
(c) the dihydroxy monomethoxy alcohol, phthiocerol. The wax 
was very stable and required about 80 hours of refluxing in benzene 
solution with methyl alcoholic potassium hydroxide before saponi- 
fication was complete. After this prolonged alkali treatment 
further refluxing in the same manner for 65 hours gave no addi- 
tional cleavage products. 

The so called “unsaponifiable wax” described by one of us (2) 
several years ago had not been subjected to such prolonged saponi- 
fication and for this reason might be incompletely saponified. A 
portion of the original “‘unsaponifiable wax’’ was therefore re- 
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saponified by refluxing in benzene solution with methyl] alcoholic 
potassium hydroxide for several days. 

The reaction mixture was worked up as follows: The alkaline 
solution was transferred to a separatory funnel, mixed with ether, 
diluted with water, and acidified with hydrochloric acid. After 
thorough shaking the aqueous layer was drawn off and discarded. 
The ether-benzene solution, after being washed free of acid with 
water, was dried over sodium sulfate and evaporated to dryness. 
The residue was dissolved in 200 cc. of ether and 400 cc. of alcohol 
were added, after which the solution was cooled, whereupon a 
white precipitate separated which was filtered off and washed with 
alcohol. The filtrate was concentrated until most of the ether had 
been removed, and allowed to cool. A white precipitate which 
separated was collected and added to the first lot. 

The filtrate was further concentrated and mixed with an al- 
coholic solution of lead acetate. The lead salt was filtered off and 
decomposed in ethereal suspension with dilute acid. The fatty 
acid was obtained on evaporation of the ether. 

The filtrate from the lead salt was concentrated nearly to dry- 
ness, diluted with water, acidified with dilute nitric acid, and ex- 
tracted with ether. The ethereal extract was washed with water, 
after which it was washed with dilute potassium hydroxide in order 
to remove such fatty acids as had not been precipitated by lead 
acetate. The ethereal extract was again washed with water, 
dried over sodium sulfate, and evaporated to dryness. The resi- 
due thus obtained consisted of neutral material, i.e. crude phthio- 
cerol. From the alkali washings mentioned above a small amount 
of fatty acids was recovered and combined with the acids obtained 
from the alcohol-insoluble lead salts. 

A portion of the “unsaponifiable wax” weighing 32.2 gm. yielded 
the following products. 


Ether-alcohol-insoluble material...................... 7) 
Total fatty acids........ Me; et cecks «eats dbddens oeih iy S 
I GI cs 00 encdudardbieeas sdelind-aokes 0 


The results indicate that additional cleavage products had been 
liberated by the alkali treatment. The fatty acids were not ex- 
amined, but the neutral material, phthiocerol, has been described 
in a former paper (5). 
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Examination of Mycolic Acid 


The ether-alcohol-insoluble material which resembled the so 
called “unsaponifiable wax’’ in properties will be referred to here- 
after by the name mycolic acid. For purification the substance 
was repeatedly precipitated from ethereal solution by addition of 
2 volumes of alcohol. Mycolic acid always separated as fine, 
colorless globular particles either from acetone, ether, or ether- 
alcohol solutions, and it could not be obtained in crystalline form. 
The melting point of different preparations was 54-56° (corrected). 
The equivalent weight was determined by titrating a solution of 
mycolic acid in moist ether with standard alcoholic potassium 
hydroxide, phenolphthalein being used as indicator. The vadues 
obtained ranged from 1270 to 1316. The average value of seven 
different preparations was 1284. 

Molecular Weight (Rast)—Found 1117. The methyl ester of 
mycolic acid gave values of 1111 and 1101. 

Rotation—0.7133 gm. of substance dissolved in chloroform and 
diluted to 10 cc. gave in a 1 dm. tube a reading of +0.13°; hence 
[a]J®> = +1.8°. 

It was reported by Anderson (2) that the “‘unsaponifiable wax’’ 
was optically inactive. We have since found that all fractions 
corresponding in properties to the ‘“‘unsaponifiable wax” have a 
low dextrorotation. At the time of the first investigation the 
only sodium light available was produced by heating sodium 
chloride, which gave a rather feeble light, but since that time a 
sodium lamp has been employed which permits of much closer 
reading. 

Determination of Hydroxyl. Stodola’s Method (6)—The methyl 
ester was used for this determination. Found, OH 1.3. 

Determination of Alkoryl—The Zeisel method as modified by 
Viebéck and Brecher (7) was used. Found, OCH; 1.4, 1.3. 

It was reported by Anderson (2) that the “‘unsaponifiable wax”’ 
gave a volatile iodide in the Zeisel determination which if cal- 
culated as isopropyl iodide would correspond to about 4 per cent 
of glycerol. However, if the volatile iodide determined by An- 
derson be calculated as methyl iodide, the value would corre- 
spond to 1.34 per cent of methoxyl—a figure in complete agreement 
with the values obtained in the present investigation. 
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Characterization of the Alkoryl Group. Method of Willstdtter 
and Utzinger (8)—0.4709 gm. and 0.5266 gm. of substance gave 
41.3 mg. and 47.6 mg. of tetramethyl ammonium iodide. 

The tetramethyl ammonium iodide was recrystallized from 
alcohol and analyzed for iodine. 


(CH;),NI (200.92). Calculated, I 63.16; found, I 63.02, 63.17 


The results show that the volatile iodide was methyl iodide; 
hence the alkoxyl group is methoxyl. 

Examination of Iodomycolic Acid—The wax-like non-volatile 
residues from the experiments mentioned above were combined, 
washed with water, and precipitated five times from ether solution 
with methyl] alcohol and cooling. The white amorphous powder, 
which weighed 1.026 gm., melted at 50-51°, and contained 7.19 
per cent of iodine. 

In another experiment 0.6 and 0.7 gm. of mycolic acid, 3 gm. of 
phenol, 1 cc. of hydriodic acid, sp. gr. 1.96, and 8 cc. of hydriodic 
acid, sp. gr. 1.70, were heated to 150° for 2 hours. The methoxyl 
values were 1.29 and 1.33 per cent. The non-volatile residues 
were combined and purified as described above. The white 
amorphous product melted at 53.5-55.5° and contained 10.16 
per cent of iodine. The equivalent weight determined by titra- 
tion in ether solution with alcoholic potassium hydroxide was 
1570 and the hydroxyl value, determined by Stodola’s method 
(6), was 0.91 per cent. 

When mycolic acid was heated with hydriodic acid, sp. gr. 
1.96, and phenol, the non-volatile residue after purification as 
mentioned above gave a white powder, m.p. 41-43°, which con- 
tained 19.0 to 19.3 per cent of iodine. 

It was reported by Anderson (2) that the residue from the 
methoxyl determination of the “‘unsaponifiable wax’’ melted at 
46-47° and contained 10.47 per cent of iodine. 

The results reported above show that the iodides formed on 
demethylation of mycolic acid may contain varying amounts of 
iodine. The reason for this variation probably depends upon the 
conditions under which the Zeisel determinations are carried 
out; z.e., concentration of hydriodic acid, time of heating, and 
temperature. The iodine values found do not agree with any 
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definite molecular replacement of methoxyl and hydroxyl groups 
by iodine. 

Analysis of Mycolic Acid—The average of five closely agreeing 
analyses gave the following results. Found, C 81.76, H 13.34. 

The simplest formula calculated from these values allowing for 
one carboxyl, one hydroxyl, and one methoxy! group is CssHinO, 
(1292). The values found for molecular weight by titration agree 
with this formula but the results obtained by the Rast method 
both for the free acid and its methyl ester are somewhat lower. 
The value for hydroxy! is also in agreement with the above for- 
mula but the percentage of methoxyl is about 1 per cent low, the 
calculated value for one methoxyl group being 2.4 per cent. 

The hydrogen value found is slightly low for a saturated ali- 
phatic compound of this formula but mycolic acid is apparently 
not unsaturated, because when tested by the Hanus solution it 
does not absorb any iodine. Neither does it immediately de- 
colorize a chloroform solution of bromine but on longer standing 
bromine is absorbed apparently by substitution, since hydrobromic 
acid is liberated. Whether the simplest formula of mycolic acid 
is CgsHiwO, or CgsHi7O, cannot be decided from the present data. 
If the first formula should be correct, then the substance must 
contain a ring system in its structure. It is also possible that 
mycolic acid is dibasic, having double the molecular weight in- 
dicated above. 

Methyl Ester of Mycolic Acid—Attempts to prepare the methyl 
ester by refluxing mycolic acid with absolute methyl alcohol and 
dry hydrochloric acid did not yield a fully neutral ester, probably 
owing to the insolubility of both the acid and the ester in methyl 
alcohol. 

By means of diazomethane in ether solution a neutral ester was 
easily obtained. For purification the substance was precipitated 
from ether solution with methyl alcohol. The ester was a white 
amorphous powder and melted at 43-45°. 

A neutral ester was also prepared by refluxing the dried potas- 
sium salt of mycolic acid in benzene solution with methyl iodide. 

Pyrolysis of Mycolic Acid—In the first study of the “‘unsaponi- 
fiable wax’’ Anderson (2) found on heating the substance under 
reduced pressure that normal hexacosanoic acid distilled off at a 
temperature of about 300° leaving a non-volatile residue. In the 
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present study on mycolic acid we have confirmed the observation 
mentioned above and some additional data on the nature of the 
non-volatile material have been collected. 

In the first new experiment 5.0 gm. of mycolic acid were heated 
in a small distilling flask provided with a wide outlet tube at a 
pressure of about 0.5mm. ‘The distillate began to come over at 
280°. The heating was continued for 1.5 hours and the tempera- 
ture of the bath finally reached 350°. 

Isolation of Hexacosanoic Acid—The crystalline distillate was 
dissolved in ether and titrated to phenolphthalein with standard 
alcoholic potassium hydroxide. The acidity corresponded to 
1.18 gm., calculated as hexacosanoic acid. The acid was isolated 
and recrystallized five times from benzene. Colorless, thin, 
plate-shaped crystals were obtained which melted at 87-88°. 


Analysis—C2,Hs,0, (396). Calculated. C 78.78, H 13.13 
Found. ** 78.69, ‘** 12.94 
** 78.71, ** 13.10 


Non-Volatile Residue—The residue in the distilling flask was 
dissolved in ether and the solution on titration with alcoholic 
potassium hydroxide with phenolphthalein as indicator was found 
to be completely neutral in reaction. The ethereal solution was 
cooled and the white precipitate which separated was filtered off. 
The filtrate was saved. The precipitate was dissolved in ether 
and again precipitated by cooling. The white powder thus ob- 
tained, Fraction A, weighed 0.95 gm. The mother liquor was 
diluted with methyl alcohol and cooled. The product, Fraction 
B, which separated was a yellowish wax-like substance weighing 
1.01 gm. The first ethereal filtrate mentioned above was diluted 
with methyl alcohol and cooled. The precipitate, Fraction Cg 
was a yellow salve-like mass which weighed 0.95 gm. The addi- 
tion of more methyl] alcohol to the mother liquor gave Fraction D, 
0.10 gm., a white salve-like mass. 

The fractions were analyzed and the results are given in Table I. 

The first three fractions show such a remarkable similarity in 
composition and properties that it would seem as if they were a 
series of isomeric substances which differed only in melting point. 

The iodine numbers, if we assume one double bond fully satu- 
rated with iodine, indicate a molecular weight of about 900 or a 
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multiple of this number if two or more double bonds are present. 
However, a substance having a molecular weight of 900 and having 
1 oxygen atom should contain 1.77 per cent of oxygen, whereas 
the values obtained on analysis show approximately one-half of 
this amount, and this would indicate that the molecular weight is 
about 1800. The analyses show that a part of the oxygen is 
present as methoxyl; tests for hydroxyl were negative. The na- 
ture of the rest of the oxygen has not been established. 

The neutral fractions described above were produced by rather 
prolonged heating at a high temperature. In other experiments 
we have found when mycolic acid is heated under reduced pres- 
sure for only a short time, about 20 minutes, to 300-350° that the 
same quantity of hexacosanoic acid distils over as in the experiment 








TABLE | 
Properties of Neutral Fractions from Non-Volatile Portion of Mycolic Acid 
Fraction | Weight | Melting [=], i | sethoxy! — Cc | H Sitter. 
pom CHCl; Hanus ence 
gm. ~~. degrees | percent per cent per cent | per cent 
A 0.95 46-57 | —1.2 0.49 28.3 | 85.34 | 13.76 | 0.90 
B 1.01 —0.5 0.44 26.1 | 85.50 | 13.63 | 0.87 
Cc 0.95 —1.0 0.57 24.0 | 85.30 | 13.84 | 0.86 
D 0.10 0.89 25.8 | 83.89 13.67 | 2.44 


























just described, but the neutral non-volatile fractions differ con- 
siderably in composition and in the degree of unsaturation from 
those mentioned above. Further studies will be necessary before 
definite deductions can be made concerning the nature of the 
neutral products formed during the pyrolysis of mycolic acid, 


“ SUMMARY 


The principal ether-soluble constituent of the wax of the human 
tubercle bacillus is a saturated hydroxy, methoxy acid of very 
high molecular weight for which the name mycolic acid is pro- 
posed. 

The exact formula of mycolic acid has not been established. 
The substance does not crystallize and is difficult to purify. The 
average equivalent weight determined by titration was 1284. 
The simplest formula calculated from the composition is CsgsHi20, 
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or CgsHi70,4, assuming one hydroxyl and one methoxyl to one 
carboxyl group. 

Mycolic acid melts at 54-56° (corrected) and the observed spe- 
cific rotation was +1.8°. 

Mycolic acid is acid-fast. 

When heated under reduced pressure to a temperature of 300 
350°, mycolic acid is decomposed, yielding a distillate consisting 
of normal hexacosanoic acid, CogH O02, and a non-volatile residue 
which shows no acidic properties. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE 
BACILLI 


LV. STUDIES ON THE WAX FRACTIONS OF THE HUMAN 
TUBERCLE BACILLUS* 


By CHARLOTTE W. WIEGHARDt anp R. J. ANDERSON 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, August 13, 1938) 


In the studies of the lipids of the tubercle bacillus as carried out 
in this laboratory the bacteria have been exhaustively extracted 
with a mixture of alcohol and ether and this process has been 
followed by thorough extraction with chloroform. The alcohol- 
ether extracts were found to contain phosphatide, acetone-soluble 
fat, and a small amount of wax-like material. The separation 
of the alcohol-ether-soluble compounds was accomplished by 
fractionation of the ethereal solution of the mixed lipids by means 
of acetone as described in previous papers (1, 2). The crude 
phosphatide was purified by repeated precipitation from ether 
solutions with acetone. All of the mother liquors were concen- 
trated by distillation until the ether was removed and the result- 
ing acetone solutions on cooling in ice deposited white amorphous 
precipitates consisting of wax-like material. The final acetone 
mother liquors on concentration to dryness left a reddish salve- 
like material which we have designated acetone-soluble fat. 

The composition and cleavage products of the phosphatide (3) 
and of the acetone-soluble fat (4) have been reported previously. 


* The data are taken from the dissertation submitted by Charlotte W. 
Wieghard to the Faculty of the Graduate School, Yale University, 1937, in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy. 

The present report is a part of a cooperative investigation on tubercu- 
losis; it has been supported partly by funds provided by the Research 
Committee of the National Tuberculosis Association. 

t Holder of the Henry Strong Denison Fellowship at Yale University, 
1934-37. 
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The present report deals with the composition of the wax-like 
material which precipitated from the acetone mother liquors on 
cooling. 


EXPERIMENTAL 


The crude wax used in this investigation had been isolated from 
the mother liquors in the purification of the phosphatides from 
human tubercle bacilli, Strains H-37, A-10, A-12, A-13, and A-14, 
as described by Crowder, Stodola, Pangborn, and Anderson (2). 
To the combined fractions which weighed 76.5 gm. were added 
11.5 gm. of similar material isolated in a previous experiment, 
thus giving 88.0 gm. of crude wax. In melting point and solu- 
bility all of these fractions were similar. 


TaBLe I 
Properties of Wax Fractions 





Fraction No........ ? ; im I | II Ill 
Weight, gm.. | $3.0 27.5 27.0 
Melting point, °C. . 45-46 36-38 26-28 
[a], in CHCls, degrees —0.8 +19.0 +27.4 
Ash, %....... 0.78 0.75 | 0.73 
Nitrogen, % : , se tients 0 0.14 0.24 
Phosphorus, %...... , 0.32 0.19 | 0.13 
Iodine No. 0 9.1 19.6 
Saponification No. 46 122 136 


The crude wax was separated into three fractions as follows: 
First the wax was precipitated five times from ethyl acetate by 
cooling. The mother liquors on concentration to dryness left a 
yellowish solid, Fraction III. The substance which had been 
precipitated from ethyl acetate was next precipitated ten times 
from ether by the addition of acetone and cooling. The product 
was a white amorphous powder and was designated Fraction I. 
The ether-acetone mother liquors on evaporation to dryness left a 
slightly yellowish solid residue, designated Fraction II. The 
properties of the wax fractions are given in Table I. 

It is evident that the wax fractions are mixtures of several sub- 
stances. Since it appeared impossible to isolate any definitely 
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pure substances from such mixtures, the three fractions were 
saponified separately and the cleavage products were separated 
as described below. 

Saponification of Fraction I—30.0 gm. of the substance were 
refluxed for 10 hours with 300 cc. of benzene and 300 cc. of methyl 
alcohol containing 12 gm. of potassium hydroxide. The solution 
was evaporated to dryness under reduced pressure and the residue 
was treated with ether and 10 per cent acetic acid, being thus 
separated into ether-soluble and water-soluble constituents. 

Water-Soluble Constituents. Isolation of the Carbohydrate—The 
aqueous solution which gave a Molisch reaction was neutralized 
with ammonium hydroxide and concentrated to a small volume 
in vacuo. Addition of neutral lead acetate gave no precipitate 
but addition of basic lead acetate and ammonia gave a heavy white 
precipitate. The precipitate was collected, decomposed with 
hydrogen sulfide, and the filtrate from the latter was concentrated 
to dryness in vacuo. The residue was a thick syrup weighing 
0.5 gm. and consisted of crude carbohydrate. 

Isolation of Glycerol—The filtrate from the lead precipitate, 
after being freed from lead with hydrogen sulfide, was acidified 
with hydrochloric acid and concentrated to dryness in vacuo. 
The residue on extraction with absolute alcohol yielded on puri- 
fication in the usual manner a thick syrup which weighed 0.4 gm. 
The presence of glycerol was shown by the preparation of the 
tribenzoyl derivative by the Schotten-Baumann method (5). 
The derivative on recrystallization from absolute methyl alcohol 
gave colorless crystals, m.p. 75-76°. 

Examination of the Carbohydrate. Isolation of Inosite Heza- 
acetate—The carbohydrate fraction after being dried in vacuo to a 
hard, glassy mass was refluxed for 6 hours with 35 cc. of acetic 
anhydride and 1.0 gm. of fused sodium acetate. After the reac- 
tion mixture had cooled, it was mixed with water and extracted 
with chloroform. The chloroform solution was washed free of 
acid with water and evaporated to dryness in vacuo. The residue 
was dissolved in methyl alcohol, decolorized with norit, and con- 
centrated to a volume of 5 cc. On standing, colorless plate- 
shaped crystals separated which after recrystallization weighed 
0.1 gm. and melted at 213-214°. The melting point is identical 
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with that of inosite hexaacetate and, since the substance gave a 
positive Scherer reaction, it is evident that the crystalline product 
was inosite hexaacetate. 

Isolation of Mannose Phenylhydrazone—The mother liquors 
from the inosite hexaacetate were concentrated and hydrolyzed 
by refluxing for 10 hours with 5 per cent sulfuric acid. The sul- 
furic acid was removed quantitatively as barium sulfate, and the 
filtrate, which contained reducing sugar, after concentration to a 
volume of about 10 cc. was mixed with 0.2 gm. of phenylhydrazine 
dissolved in a few drops of alcohol. The crystalline hydrazone 
which separated was recrystallized from 60 per cent aleohol. The 
large, colorless, plate-shaped crystals weighed about 5 mg. and 
melted with decomposition when rapidly heated at 197° and gave 
no depression when mixed with pure mannose phenylhydrazone. 
The crystal form and melting point identify the substance as man- 
nose phenylhydrazone. 

The mother liquor from the mannose phenylhydrazone gave a 
trace of osazone when tested in the usual manner, but the amount 
was too slight to permit of identification. 

The water-soluble constituents amounted to 3 per cent of the 
wax and consisted of glycerol, inosite, and mannose. 

Ether-Soluble Constituents. Separation of ‘‘Unsaponifiable Wax” 
—The total ether-soluble constituents, 30 gm., were dissolved in 
200 cc. of ether and 300 cc. of cold aleohol were added. The white 
granular product, after being filtered off, washed with cold alcohol, 
and dried in vacuo, weighed 19.1 gm., corresponding to 63.6 per 
cent of the wax. This substance, which appeared to be identical 
with the so called “‘unsaponifiable wax’’ previously described 
(6), was examined as will be described later. 

Separation of Fatty Acids As Alcohol-Insoluble Lead Salts—The 
filtrate from the “‘unsaponifiable wax’’ was concentrated until the 
ether was removed, and an excess of lead acetate dissolved in hot 
alcohol was added. The heavy white precipitate which separated 
on cooling was collected, washed with alcohol, and extracted with 
ether, but no ether-soluble material was obtained. The lead 
salts were decomposed by shaking with ether and dilute acetic 
acid, yielding 3.6 gm. of solid crystalline fatty acids which on 
crystallization from alcohol and from benzene-methyl alcohol 
yielded thin, colorless, plate-shaped crystals, m.p. 83-84°, molec- 
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ular weight 399. These properties correspond to those of normal 
hexacosanoic acid, CosH sO, (396). 

The more soluble portion of the solid acids was combined with 
similar acids isolated after saponification of Wax Fractions II and 
III and was purified as will be described later. 

Examination of Filtrate from Alcohol-Insoluble Lead Salts. 
Isolation of Phthiocerol and Fatty Acids—The filtrate from the 
lead salts was concentrated in vacuo to a small volume, diluted 
with water, and extracted with ether. The ethereal extract was 
washed with dilute hydrochloric acid and with water, treated with 
norit, dried over sodium sulfate, filtered, and evaporated to dry- 
ness. The residue, 5.6 gm., was an oil when warm and a white 
solid at room temperature. The substance, dissolved in 20 cc. of 
warm ethyl acetate, yielded 0.9 gm. of colorless crystals consisting 
of crude phthiocerol. From the mother liquor were isolated 1.26 
gm. of a levorotatory acid and 2.6 gm. of a liquid acid which were 
combined with similar fractions isolated after the ‘‘unsaponifiable 
wax” had been resaponified as will be described later. 

Identification of Phthiocerol—The crystalline substance men- 
tioned above was twice recrystallized from acetone, separating as 
aggregates of short needles. The crystals melted at 73-74°, 
solidified at 71-70°, and remelted at 73-74°. [a]® in CHCl, = 
— 4.6°. 


Analysis—CysH;,0; (540). 
Calculated. C 77.78, H 13.33, OCH; 5.74, 20H 6.29 
Found. ** 77.83, ‘* 13.35, ‘“‘ 5.22, 5.83, OH 5.80 


The properties and composition of this substance are identical 
with those of the dihydroxy alcohol phthiocerol described by 
Stodola and Anderson (7). 


Another wax fraction isolated in the purification of the phosphatide 
from Strain H-37 of tubercle bacillus was purified in the manner described 
above. The substance which weighed 19 gm. had the same properties as 
Fraction I. On saponification it yielded 14.3 gm. of ‘‘unsaponifiable wax,”’ 
lower fatty acids, and phthiocerol. 


Resaponification of ‘‘Unsaponifiable Wax’’—Since it has been 
found in this laboratory (8) that the “‘unsaponifiable wax” pre- 
pared as described by Anderson (6) yields on prolonged saponi- 
fication mycolic acid, certain lower fatty acids, and the alcohol 
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phthiocerol, it was decided to resaponify the “unsaponifiable 
wax” fractions mentioned above. The combined fractions, 
33.4 gm., were dissolved in 400 cc. of benzene to which were added 
15 gm. of potassium hydroxide dissolved in 175 ec. of methyl al- 
cohol, and the solution was refluxed continuously for 80 hours. 
The saponification mixture was worked up in the manner al- 
ready described and the following products were obtained. 


Alcohol-ether-insoluble fraction, mycolic acid WER Ry 
Fatty acids precipitated by lead acetate.................... 7.0 

sa “not precipitated by lead acetate................ 0.8 
OS citat ae laws bids tds sascha Ghd aces mtees nck 4.0 


No water-soluble cleavage products could be found. The re- 
sults indicate that the “unsaponifiable wax” is a true wax and the 
fatty acids must be combined with the dihydroxy alcohol phthio- 
cerol. 


Examination of Cleavage Products 


The phthiocerol fraction was purified by crystallization as de- 
scribed before. The purified substance melted at 73-74°, [a], 
in CHCl, = —4.6°, and its composition agreed with the formula 
CssH 720s. 

Fatty Acids Precipitated by Lead Acetate. Isolation of a Levoro- 
tatory Acid—The alcohol-insoluble lead soaps dissolved easily in 
ether. The lead was removed by extracting the ethereal solution 
with dilute acetic acid. After being isolated in the usual manner, 
the acid was obtained as a white semicrystalline mass which 
weighed 7.0 gm., m.p. 37-39°, [a], in ether = —9.5°. Tests for 
hydroxyl and methoxyl were negative. When tested by the 
Hanus solution, the acid did not absorb any iodine. 

The acid was very soluble in organic solvents and could not be 
obtained in crystalline form. From a slowly cooling alcoholic 
solution large needle-shaped crystals separated but they dissolved 
immediately at room temperature. 

An attempt was made to fractionate the acid by means of the 
barium salt. The barium salt, a white amorphous powder, was 
precipitated from benzene solution by adding methy] alcohol and 
cooling. The product was thus separated into five fractions 
whose properties are shown in Table II. 
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The molecular weights of all of these fractions were practically 
identical but there were slight differences in optical rotations and 
in the refractive indices. 

Fraction 1, m.p. 37-38°, was analyzed. 


Cu Her. Calculated. Cc 79.82, H 13.30, mol. wt. 466 
Found. ** 79.79, 79.66, H 13.58, 13.35, mol. wt. 466 


The general properties of the acid are similar to those reported 
by Anderson (9) some years ago for the levorotatory acid ob- 
tained in the purification of phthioic acid but the levorotation is 
higher. The values for molecular weight and for carbon and 
hydrogen are practically identical and agree best with the formula 
CyuHeO-2, although in the earlier report (9) the formula Cyp>HeoO2 














Tasie Il 
Properties of Levorotatory Acid 
Fraction No. | Weight | ne | [a]® in ether | ae = 
eo “" ahh 4 _ fe aun | 
1 0.9 1.4522 —10.4 | 466 
2 2.0 1.4521 —8.8 466 
3 1.0 1.4532 —7.2 464 
4 13 | 1.45 | -88 | 469 
5 13 | 1.440 | -7.2 | 462 





was suggested because on theoretical grounds a formula with an 
even number of carbon atoms was preferred. In dealing with 
non-crystalline substances of high molecular weight such as the 
acid under investigation, where ordinary criteria of purity are 
lacking, it is very difficult to determine the exact formula. 

Fatty Acids Which Were Not Precipitated by Lead Acetate—The 
acids which were not precipitated by lead acetate and which 
were therefore obtained in the separation of phthiocerol were 
combined, converted into methy] esters, and fractionated through 
a modified Widmer column. The esters on saponification gave 
two acids corresponding to tuberculostearic acid, CygH sO, (10), 
and the levorotatory acid, C3;H@O.; found, molecular weight 
467; [a], = —7.0°. 

Alcohol-Ether-Insoluble Fraction, Mycolic Acid—-This fraction 
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corresponded in properties to the hydroxy, methoxy acid to which 
the name mycolic acid has been assigned. The crude mycolic 
acid obtained after resaponification as mentioned above melted 
at 51-53° and in chloroform solution it showed a specific dextro- 
rotation of +2.1°. The average molecular weight determined by 
titration was 1251. For purification the substance was treated 
four times with 700 cc. portions of boiling acetone and the solu- 
tions were decanted and allowed to cool. The white precipitates 
which separated consisted of fine globular particles. 

The combined mother liquors on evaporation to dryness left a 
non-crystalline residue, 0.9 gm., [a], in ether = —3.8°, equivalent 
weight 783. The material was evidently an impure mixture con- 
taining some of the levorotatory fatty acid. 





Taste III 
Properties of Fractions of Mycolic Acid 
Fraction No. Weight ai te a | [4], incur | Rauivalent 
| Shel 
gm. *C. degrees 
1 8.2 53-54 +2.22 1303 
2 2.5 53-54 +2.25 1301 
3 3.6 53-54 +2.68 1297 





The main portions of the mycolic acid mentioned above were 
combined, precipitated five times from acetone, and separated 
into three main fractions. The properties of the fractions were 
identical as shown in Table III. 

When tested by the Hanus solution the substance did not ab- 
sorb any iodine. 

Analysis—Fraction 1. Found. C 81.43, H 13.26 


Methoxy! (Zeisel). Found. OCH; 1.24 
Hydroxy! (Stodola). oe OH 11.99 


The analytical values found are very similar to those reported 
by Stodola, Lesuk, and Anderson (8) for the samples of mycolic 
acid which they examined, except that the optical rotation and 
the hydroxy] values are slightly higher. 

Pyrolysis of Mycolic Acid—A sample of the purified mycolic 
acid, when heated under reduced pressure as described by Ander- 
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son (6, 11) and by Stodola, Lesuk, and Anderson (8), yielded a 
crystalline distillate consisting of normal hexacosanoic acid, 
CosH O02, m.p. 84-85°, molecular weight 394, and a neutral non- 
volatile residue. 

Saponification of Crude Wax Fractions—The Wax Fractions II 
and III which had been recovered from the mother liquors in the 
purification of Fraction I as described above were partly unsatu- 
rated as shown by the iodine numbers, the melting points were low, 
and they possessed a relatively high dextrorotation. These frac- 
tions, 25.0 gm. of each, were saponified separately as follows: The 
wax was dissolved in 100 ce. of benzene and 80 cc. of hot 10 per 
cent alcoholic potassium hydroxide were added. A gummy 
precipitate separated immediately. After the mixture had stood 


TasBie IV 


Cleavage Products of Crude Wax Fractions 


Fraction II | Fraction III 


gm. gm. 
Ether-alcohol-insoluble fraction a2 5.9 2.30 
Phthiocerol...... so 1.6 0.80 
DS ec dics se CG hac awe ri Ty 16.7 20.46 
IND 2 ih Gin cGennsnsead sass ekte sons 124 | 2.43 
i itttnts tens dneetenetante death vdeenat 0.50 0.75 


for 1 hour, the solution was decanted and refluxed for 1 hour, 
during which time an additional gummy precipitate separated. 
The solution was decanted and refluxed for 72 hours in an atmos- 
phere of hydrogen. The cleavage products were separated by the 
procedure described for Fraction I. 

The gummy precipitates which separated in the beginning were 
combined. This material was soluble in water and consisted of 
carbohydrate. The carbohydrate was isolated by means of basic 
lead acetate in the usual manner. The various fractions obtained 
from the saponification mixture are given in Table IV. 

The presence of phthiocerol, carbohydrate, and glycerol would 
indicate that these fractions consist of complex mixtures of true 
waxes and carbohydrate esters of fatty acids, as well as glycerides. 

Phthiocerol was isolated in crystalline form and identified by 
melting point and optical rotation. 
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The glycerol was identified in both cases by means of the tri- 
benzoyl derivative which after recrystallization from absolute 
methyl alcohol had the correct melting point, 75-76°. 

The carbohydrate fractions contained about 0.5 per cent of 
phosphorus and on hydrolysis with dilute sulfuric acid gave 42 per 
cent of reducing sugar calculated as glucose. Pentose color reac- 
tions were negative. The carbohydrate from Fraction III was 
hydrolyzed but the only cleavage product that could be identified 
was asmall amount of inosite. The latter substance after purifica- 
tion crystallized in prismatic needles, gave the reaction of Scherer, 
and melted at 222-223°. The reducing sugar could not be identi- 
fied. However, it was not mannose because no insoluble phenyl- 
hydrazone could be obtained. 

Fatty Acids—The fatty acids were combined and separated into 
solid and liquid acids by means of the lead soap-ether procedure 
and gave 9.1 gm. of solid acids and 27.0 gm. of liquid acids. 

Solid Saturated Fatty Acids—The solid saturated acids from 
Wax Fractions II and III were combined with the low melting 
solid acids from Fraction I and were converted into methy] esters. 
The esters were fractionated through a modified Widmer column 
at a pressure of about 1mm. Pure methyl palmitate and methyl 
stearate were obtained and on saponification the corresponding 
free acids were isolated and had the correct melting points and 
molecular weights. In addition a small amount of a higher boiling 
ester fraction was obtained which on saponification gave an acid 
with a molecular weight of 311 and which probably consisted of a 
mixture of stearic and hexacosanoic acids. 

Liquid Fatty Acids—The total liquid fatty acids, 27.0 gm., had 
an average iodine number of about 10, thus indicating that the 
main portion consisted of liquid saturated acids. The mixed 
acids were reduced with hydrogen in the presence of platinum 
oxide and separated into solid reduced acids and liquid saturated 
fatty acids by repeating the lead salt-ether treatment. The re- 
duced solid acids weighed 3.0 gm. and the liquid saturated acids 
obtained from the ether-soluble lead salts weighed 24.0 gm. 
Both fractions were examined as described below. 

Liquid Saturated Fatty Acids—The acids were converted into 
methyl esters and the esters were fractionated through a modified 


Widmer column. 
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The more volatile portion of the ester, about 1.0 gm., was opti- 
cally inactive and on saponification gave a mixture of both liquid 
and solid acids which could not be separated. 

The principal ester fraction had a dextrorotation of +12.4°, 
corresponding in properties to methyl phthioate. The free acid 
obtained on saponification was a thick oil at room temperature 
which solidified on cooling and melted at 20°, [a], in ether = 
+11.0°, molecular weight 400. The properties of this fraction 
correspond closely to those of phthioie acid, CogH gO. (396) (12). 

A small quantity of ester residue remained in the flask after 
the first distillation. The material was a thick oil having a spe- 
cific rotation of +9.8° and the saponification number corresponded 
to a molecular weight of 664. No pure substance could be ob- 
tained from this residue. 

The results recorded above indicate that the principal portion 
of the liquid saturated fatty acids consisted of phthioic acid. 

Examination of Reduced Acids—The solid reduced acids, 3.0 
gm., were recrystallized three times from acetone, twice from 
methyl alcohol, and three times from benzene. Colorless, thin 
plates were obtained which melted at 80-81°, molecular weight 
399. This acid represents apparently a slightly impure hexaco- 
sanoic acid. The mother liquors from the first crystallizations 
yielded 1.02 gm. of colorless crystals which melted at 59-60°, 
molecular weight 301. This material therefore contained some 
acid of lower molecular weight than hexacosanoic acid. 

Ether-Alcohol-Insoluble Substances from Wax Fractions II and 
ITI—These fractions which corresponded in solubility to mycolic 
acid were purified by being precipitated three times from ethyl 
acetate and five times from acetone by cooling. The products 
thus obtained were white amorphous powders but they differed 
in properties from mycolic acid. 

The substance from Fractiori II was separated into two frac- 
tions by treatment with petroleum ether. The more soluble por- 
tion, 1.08 gm., melted at 50-55°, equivalent weight 862; [a], in 
CHCl, = +1.4°. The petroleum ether-insoluble portion after 
three precipitations from benzene melted at 80-81°, equivalent 
weight 420. 

The substance from Fraction III after precipitation from 








526 Lipids of Tubercle Bacilli. LV 


benzene was a semicrystalline powder which melted at 79-81°, 
equivalent weight 483. 

It is evident, therefore, that Fractions II and III do not con- 
tain mycolic acid but certain other fatty acids of high molecular 
weight. 


SUMMARY 


1. An investigation has been made of the chemical composition 
of the wax-like substances contained in the alcohol-ether extracts 
from the human tubercle bacillus which are insoluble in cold ace- 
tone. 

2. The material can be separated into several fractions which 
differ decidedly in properties and in composition. 

3. On saponification each fraction yields a complex mixture of 
fatty acids. (a) Saturated normal acids are represented by pal- 
mitic, stearic, and hexacosanoic acids. (b) Saturated branched 
chain acids are tuberculostearic, CigH3s02, phthioic, CoeHs20r, 
and a levorotatory, Cs,HeO2, acid. (c) The unsaturated fatty 
acids belong mainly to the Cy. series and on hydrogenation yield 
normal hexacosanoic acid. (d) The hydroxy acid, mycolic acid, 
constitutes the main ether-soluble component of the less soluble 
wax fraction but is absent from the more soluble fractions. 

4. The dihydroxy alcohol phthiocerol, C3sH7.03, was present in 
all of the wax fractions. 

5. All of the wax fractions contained both carbohydrates and 
glycerol. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE 
BACILLI 


LVI. THE WAX OF THE BOVINE TUBERCLE BACILLUS* 


By JAMES CASON? anp R. J. ANDERSON 


(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, August 13, 1938) 


In previous reports from this laboratory the isolation of lipid 
fractions from the bovine tubercle bacillus has been described 
(1) and the composition of the phosphatide (2), as well as that of 
the acetone-soluble fat (3), has been reported. 

The wax of the bovine tubercle bacillus constitutes the bulk of 
the lipids of this organism, and it was found by Anderson and 
Roberts (1) that the wax amounted to 63.6 per cent of the total 
lipids and 8.5 per cent of the dried bacteria. Since no information 
exists concerning the chemical composition of this important frac- 
tion of the bovine type of tubercle bacillus, the present work was 
undertaken in order to supply some information on this subject. 
The results obtained indicate that the wax is similar in composition 
to the wax associated with the phosphatide fraction of the human 
tubercle bacillus (4). 

The cleavage products liberated on saponification consisted of a 
complex phosphorus-containing carbohydrate and glycerol, to- 
gether with fatty acids and neutral or unsaponifiable matter. 
The neutral material was free from sterols but contained the dihy- 
droxy monomethoxy alcohol phthiocerol, as has already been 


* The data are taken from the dissertation submitted by James Cason 
to the Faculty of the Graduate School, Yale University, 1938, in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy. 

The present report is a part of a cooperative investigation on tuber- 
culosis; it has been supported partly by funds provided by the Research 
Committee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Graduate Fellowship 
at Yale University, 1936-37. 
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reported (5). The present report deals with the study of the 
water-soluble constituents, the carbohydrate and glycerol, and 
with the fatty acids. 


EXPERIMENTAL 


The material used in this investigation had been isolated by 
Anderson and Roberts from the bovine tubercle bacillus by extrac- 
tion with chloroform and designated by them as Bovine Wax III 
(1). The substance was a yellowish granular powder which was 
easily soluble in petroleum ether, ether, benzene, and in chloro- 
form, but practically insoluble in acetone, alcohol, and in methy! 
alcohol. 

For purification 176 gm. of crude wax were precipitated five 
times from ether solution by the addition of methyl alcohol and 


Taste | 
Properties of Wax Fractions 








Purified wax | Salve-like wax 
Melting point, °C............ aOR 47-54 | 
TN tll rick, | bis aece is ve: 0.30 | 0.1 
As Bie dns des Hkepcensewesess 0.16 0.16 
Iodine No. (Hanus)............... apt 3.2 20.2 
[a]® in benzene, degrees................... +15.58 | 











cooling. The purified wax thus obtained was a nearly white 
granular powder which weighed 96.3 gm. The combined mother 
liquors on evaporation to dryness left a residue, 77.0 gm., of 
salve-like consistency. 

The two fractions were analyzed and the results are given in 
Table I. 

This report deals only with the composition and cleavage prod- 
ucts of the purified wax. The salve-like wax was not further 
examined at this time. 

Examination of Purified Wax for Water-Soluble Compounds—A 
sample of the wax weighing 6.2 gm. was dissolved in 200 ce. of 
ether and the solution was shaken thoroughly in a separatory 
funnel with 100 cc. of water. The aqueous layer on evaporation 
to dryness left a mere trace of residue, while the ethereal solution 
on evaporation gave the original 6.2 gm. of wax. It is evident, 




















J. Cason and R. J. Anderson 529 


therefore, that the water-soluble products liberated on saponifica- 
tion of the wax are combined with the fatty acids in the form of 
water-insoluble compounds. 

Saponification of Wax—The purified wax was saponified in two 
lots by refluxing for 7 hours with 5 per cent alcoholic potassium 
hydroxide and the cleavage products were isolated as described 
by Reeves and Anderson (6) in their study of the avian tubercle 
bacillus wax. The results are given in Table II. 


TaBLe Il 
Cleavage Products of Purified Waz 





From 10.72 gm. of wax | From 49.58 gm. of wax 














| gm. | per cent gm. per cent 

Carbohydrate 0.24 2.2 | 4.48 9.02 

Glycerol..... a | 0.09 0.84 | 0.66 | 1.33 

“Unsaponifiable wax’’ (6.44 60.08 | 30.26 | 61.08 

Fatty acids. | 2.18 | 20.33 9.63 | 19.40 

Neutral material.. | 0.56 5.22 | 2.67 5.38 
Tasie III 


Cleavage Products of ‘‘Unsaponifiable Waz’’ 





gm. 
Alcohol-ether-insoluble material. . Ae ‘ove. ee | 31.01 
Fatty acids giving alcohol-insoluble lead salts......... — 2.25 
- fi ‘* ~ alcohol-soluble lead salts Oy SD tom, 0.53 
Neutral material. . ee "- Siceul 0.56 
Total material recovered..... wet ip pUcbccees ea | 34.35 





The carbohydrate was isolated in both cases by means of basic 
lead acetate and ammonia in the usual manner and dehydrated 
by grinding under absolute alcohol until a white powder was pro- 
duced. In the first experiment with the smaller amount of wax a 
portion of carbohydrate was lost. 

Further Saponification of ““Unsaponifiable Wax” Fraction—Since 
it has been shown in this laboratory (7) that the material from the 
human tubercle bacillus designated “‘unsaponifiable wax’’ requires 
prolonged refluxing with alcoholic potassium hydroxide for com- 
plete saponification, a second saponification was carried out. 
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The two fractions of “‘unsaponifiable wax”’ mentioned in Table II 
were combined and refluxed for 72 hours in a solution containing 
150 ce. each of benzene and absolute alcohol and 4 gm. of potas- 
sium hydroxide. The reaction products were separated according 
to the procedure described by Stodola, Lesuk, and Anderson (7) 
and are summarized in Table III. 

The various operations during the isolation of the cleavage 
products after this second saponification thus resulted in a loss of 
6.4 per cent. 

The ether-soluble products recovered after complete saponifica- 
tion of the purified wax consisted of 51.4 per cent of alcohol- 
ether-insoluble material which will be designated provisionally as 
wax acids, 24.2 per cent of fatty acids, and 6.2 per cent of neutral 
material. The total water-soluble constituents, including carbo- 
hydrate and glycerol, amounted to 10.35 per cent. 


Examination of Cleavage Products 


Identification of Glycerol—The glycerol fraction was identified 
by means of the tribenzoyl derivative, which latter was prepared 
by the Einhorn and Hollandt (8) method. After three recrystal- 
lizations from methyl] alcohol the derivative melted at 75-76° and 
gave no depression of the melting point when mixed with an 


authentic sample of glyceryl tribenzoate. 


Analysis—C2,H200, (404). Calculated. C 71.28, H 4.95 
Found. ** 70.99, ** 6.11 


The properties and composition identify the substance as 
glyceryl tribenzoate. 

Carbohydrate Fraction—The carbohydrate obtained as men- 
tioned above gave no reduction with Fehling’s solution until 
after it had been hydrolyzed with dilute acid. Pentose and ketose 
color reactions were negative. The substance on analysis was 
found to contain 2.20 per cent of phosphorus and only a trace of 
nitrogen. Sulfur and halogen were absent. 

Rotation—0.3005 gm. of substance dissolved in water and diluted 
to 10 ce. gave in a 1 dm. tube a reading of +2.03°; hence [a]? = 
+67.5°. There was no mutarotation. 

Separation of Organic Phosphoric Acids from Carbohydrate—A 
portion of the crude carbohydrate weighing 3.36 gm. was dissolved 
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in 35 cc. of water and the solution which was acid in reaction was 
neutralized with ammonium hydroxide, after which a solution of 
lead acetate was added until no further precipitation occurred. 
The lead salt was collected, washed with water, and decomposed 
with hydrogen sulfide. After removal of the lead sulfide the 
filtrate was concentrated to a thick syrup which, on trituration 
under absolute alcohol, yielded 0.25 gm. of a white powder, desig- 
nated Fraction A. The alcoholic solution on evaporation to dry- 
ness gave 0.19 gm., Fraction B, as a thick syrup. 

The filtrate from the lead precipitate was freed of lead in the 
usual manner and concentrated to a syrup. The latter, by grind- 
ing under absolute alcohol, gave 2.66 gm. of a white powder, 
Fraction C, which consisted of neutral polysaccharide. 

Examination of Fractions. Fraction A—A concentrated aque- 
ous solution of the substance was neutralized with barium hy- 
droxide, filtered, and mixed with 2 volumes of alcohol. The 
resulting precipitate, after two reprecipitations in the same man- 
ner, gave 60 mg. of a white amorphous barium salt. After the 
precipitate was dried at 100° in vacuo, the following values were 
obtained on analysis. Found, Ba 26.53, 26.72; P 6.31, 6.29. 

The substance gave no reduction with Fehling’s solution until 
after it had been boiled with dilute acid, but it gave a positive 
Scherer test for inosite. The analytical values would indicate a 
monophosphoric acid ester of a disaccharide. 


Ci2H2:0;,PBa (557.4). Calculated. Ba 24.65, P 5.56 


Fraction B--A portion of the substance when heated with 
potassium acid sulfate gave a strong reaction for acrolein, thus 
indicating the presence of glycerol or a glycerol derivative. The 
substance was converted into the barium salt as described for 
Fraction A. The product, a white amorphous powder weighing 
0.132 gm., was analyzed after it had been dried at 100° in vacuo. 
Found, Ba 42.10, P 10.52, C;H7I (Zeisel) 47.14. 

It has been found in this laboratory (unpublished data) that 
synthetic barium glycerophosphate gives in the Zeisel determina- 
tion the same yield of isopropyl iodide, about 96 per cent of the 
theory, as does a corresponding amount of pure glycerol. We have 
also determined that various hexoses and inosite give mere traces 
of volatile iodide and that barium inosite monophosphate gives no 
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volatile iodide in the Zeisel determination. The amount of iso- 
propyl! iodide found in the above analysis corresponds to about 89 
per cent of barium glycerophosphate. 

Fraction C-—The neutral polysaccharide forming Fraction C 
could not be obtained in crystalline form, and attempts to frac- 
tionate the substance by means of lead acetate were unsuccessful. 
A portion of the polysaccharide was acetylated but the acetyl 
derivative did not crystallize. In methyl alcoholic solution the 
acetyl derivative showed the specific dextrorotation of +53.7°. 
The acetyl value was 46.8 per cent. After saponification the 
polysaccharide was recovered, but it could not be induced to 
crystallize. 

For purification the polysaccharide was twice precipitated with 
basic lead acetate and ammonia, the lead salts being decomposed 
with hydrogen sulfide, and the filtrate from the lead sulfide after 
concentration to a syrup was dehydrated by grinding under ab- 
solute alcohol. The final product thus obtained was a white 
hygroscopic powder which weighed 1.75 gm. For analysis the 
substance was dried at 100° in vacuo over dehydrite. Found, 
P 0.72, N 0.18. 

Rotation—0.9998 gm. of substance dissolved in water and diluted 
to 25 cc. gave in a 1 dm. tube a reading of +3.07°; hence [a]? = 
+76.7°. There was no mutarotation. 

Since it was impossible to crystallize the polysaccharide, the 
substance was hydrolyzed and the cleavage products were deter- 
mined. 

Hydrolysis of Polysaccharide—When the polysaccharide was 
boiled with dilute sulfuric acid, the maximum amount of reducing 
sugar determined by the Shaffer-Hartmann method (9) was 
liberated in 2.5 hours and amounted to 56 per cent calculated as 
glucose. 1 gm. of the polysaccharide was refluxed with 75 cc. 
of N H.SO, for 2.5 hours, and the cleavage products were examined 
as described below. 

Rotation of Hydrolysate—The hydrolyzed solution was diluted 
to 100 ce. with water. In a2 dm. tube the observed rotation was 
+0.12°; hence [a]” = +6.0°. 

Test for Glucosamine—2 cc. of the hydrolysate were tested for 
glucosamine by the method of Elson and Morgan (10), as modified 
by Palmer, Smyth, and Meyer (11), but the color obtained in- 
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dicated only a trace of glucosamine. The nature of the nitrogen ; 

contained in the polysaccharide has not been discovered. . 

Isolation of Cleavage Products. Organic Phosphoric Acids—The i 
sulfuric acid was removed quantitatively with barium hydroxide 

and after removal of barium sulfate the solution was neutralized 3 

with barium hydroxide, concentrated to a volume of about 20 f 
ec., and 25 cc. of alcohol were added which caused a precipitate of a 

barium salt which weighed only 7 mg. Evidently, therefore, the 

bulk of the phosphoric acids had been adsorbed on the barium 


sulfate. The latter on extraction with 1 per cent hydrochloric 
acid yielded a water-soluble barium salt which on precipitation 
with alcohol weighed 48 mg. The two fractions of barium salts 
were dissolved in water, the barium was removed quantitatively 
as sulfate, and the organic phosphoric acids were precipitated as 
lead salts with neutral lead acetate. The lead salts, after being 
decomposed with hydrogen sulfide in the usual manner, yielded a 
non-crystallizable syrup which weighed 40 mg. On triturating 
the syrup with absolute alcohol a white powder was produced and 


on evaporation of the alcoholic solution a syrupy residue was ob- ‘ 
tained. 

Alcohol-Insoluble Phosphoric Acid—The white powder men- ; 
tioned above, since it could not be crystallized, was dissolved in 


water and the solution was neutralized with barium hydroxide. 

On addition of alcohol a white amorphous barium salt was precip- 

itated which weighed 19 mg. For analysis the salt was dried at 
100° in vacuo over dehydrite. 


Analysis—C,H,,0,PBa (395.4). Calculated. Ba 34.75, P 7.84 ; 
Found. ** 31.79, ** 7.39 
‘* 31.64, “ 7.42 


The substance gave a strongly positive Scherer reaction, thus 
indicating the presence of inosite. The properties and reactions 
of this substance suggest that it was a slightly impure sample of 
| barium inosite monophosphate (12). 

Alcohol-Soluble Phosphoric Acid—The syrupy residue mentioned 
above was dissolved in water and neutralized with barium hy- 
droxide. The resulting barium salt after three precipitations H 
from aqueous solution with alcohol was a white amorphous powder Y 
which weighed 17 mg. The substance gave a positive acrolein 
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test. For analysis it was dried at 100° in vacuo over dehydrite. 
Found, Ba 39.35, P 7.73; CsH:I (Zeisel) 21.09. 

The results of the analyses indicate that the substance contained 
about 38 per cent of barium glycerophosphate. 

Isolation of Mannose and Inosite—The hydrolysate from which 
the barium salt had been removed by precipitation with alcohol 
was quantitatively freed of barium with sulfuric acid and con- 
centrated in vacuo to a volume of 10 cc. Mannose and inosite 
were isolated from this solution in the manner described in an 
earlier paper (13). 

The yield of mannose phenylhydrazone was 0.76 gm., corres- 
ponding to 50.6 per cent of mannose. The melting point and 
mixed melting point, as well as crystallographic measurements of 
the recrystallized hydrazone, identified the substance as mannose 
phenylhydrazone. 

The yield of inosite by direct crystallization was 0.084 gm. The 
substance gave the Scherer reaction and melted at 224°. When 
mixed with inactive inosite, there was no depression of the melting 
point. 

The mother liquor from the inosite crystallization on evapora- 
tion to dryness left a syrupy residue which weighed 0.48 gm. The 
syrup had a specific rotation of +3.3° and contained reducing 
sugar, but no definite sugar derivative could be isolated from this 
material. 

Wax Acids—The alcohol-ether-insoluble material recorded in 
Table III was precipitated five times from ether solution by ad- 
dition of an equal volume of alcohol and cooling. The product 
thus obtained was a nearly white amorphous powder which 
weighed 23.97 gm. and which will be designated Wax Acid I. 

The mother liquor on concentration until the ether was removed 
gave 7.04 gm. of a slightly straw-colored amorphous powder, 
designated Wax Acid II. 

Waz Acid I. Isolation of Bovine Mycolic Acid—-The crude 
Wax Acid I was easily soluble in cold benzene and in chloroform, 
also in warm ether and in hot ethyl acetate, but almost insoluble 
in acetone and in methyl, ethyl, or isopropyl aleohol. For puri- 
fication the substance was precipitated six times from ether 
solution by cooling and separated into six fractions. These 
fractions varied in melting point from 67° to 51° and the equivalent 
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weights determined by titration ranged from 1755 to 1213 for the 
top and bottom fractions, respectively, thus showing that the 
substance was a mixture. Those fractions which possessed the 
highest equivalent weight evidently contained some neutral 
material, and it was found that the latter could be eliminated by 
precipitating the acid as the sodium salt from ether solution. 
The several fractions were dissolved in ether, 125 ec. per gm. of 
crude acid, and titrated with alcoholic sodium hydroxide, phenol- 
phthalein being used as indicator. The sodium salts which 


TaBLe IV 


Analyses of Fractions from Wax Acid I 
Acid fractions 
Nature of determination = 





Top Middle Bottom 
Weight, gm.. 0.6 5.9 1.6 
M. p., °C. ; 71-75 56-58 52-54 
Equivalent weight by titration.. 1203 | 1219 1180 
[a], in CHCl, degrees +1.5 +27 | +1.7 
Methoxyl, %.. 0.63 | 0.92 1.31 
Carbon, %. 81.87 | 82.10 81.53 
Hydrogen, %.... 13.38 13.60 | 13.32 

Ester fractions 

M. p., °C...... 55-60 | 4446 | 43-45 
Hydroxyl, %.. 1.26 | 1.42 | 1.37 
Methoxyl, total, % 2.97 | 3.34 | 3.61 
Carbon, %....... 81.97 | 81.90 | 81.52 
Hydrogen, %.. 13.46 | 13.59 | 13.34 





The methoxy! was determined by the micro-Zeisel method (14) and the 
hydroxy! value according to Stodola (15). 


separated as amorphous precipitates were collected and the free 
acids were liberated by shaking the precipitates with ether and 
dilute hydrochloric acid. The acids were again precipitated 
from ether solution by addition of methyl alcohol and were ob- 
tained as white amorphous powders. In this manner eight frac- 
tions were obtained, total weight 18.75 gm. The melting points 
varied from 71° to 52° but the equivalent weight was about 1200 for 
every fraction, varying from 1180 to 1219. 

The results indicate that all the fractions were mixtures and it 
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appears unlikely that any pure compound can be separated by 
ordinary methods from such mixtures of non-crystalline material. 
However, in order to gain some insight into the type of compounds 
with which we were dealing, the top, middle, and bottom fractions 
were analyzed and the results are given in Table IV. 

The methyl esters were prepared by methylation with diazo- 
methane and were precipitated as white amorphous powders from 
ether solution by addition of methyl alcohol. 

Since the melting point is the highest in the top fraction, the 
rotation at a maximum in the middle fraction, and the methoxyl 
content is highest in the bottom fraction, it would seem as if at 
least three different substances must be present. All of the frac- 
tions, however, gave approximately the same hydroxyl value, 
corresponding to one OH group per carboxy! in an acid having a 
molecular weight of about 1200. However, the actual molecular 
magnitude cannot be determined from the present data. 

Bovine Mycolic Acid-—-The properties of the middle fraction of 
Wax Acid I are very similar to those of mycolic acid (7) isolated 
from the human tubercle bacillus, Strain H-37; hence we propose 
to designate this substance by the name bovine mycolic acid. 
When mycolic acid is heated under reduced pressure to a tempera- 
ture of 250-300°, it cracks and n-hexacosanoic acid distils off. 
We found that bovine mycolic acid behaves in a similar manner. 
When a portion of the bovine mycolic acid weighing 1.93 gm. was 
heated as described by Anderson (16), a crystalline distillate was 
obtained which weighed 0.42 gm. After six recrystallizations 
from benzene-methyl alcohol 0.25 gm. of snow-white crystalline 
plates was obtained, m.p. 87-88°, equivalent weight 399. 


Analysis—C.H;s,0; (396). Calculated. C 78.78, H 13.13 
Found. © 78.79, ** 18.17 


The data show that the acid was n-hexacosanoic acid. 

Waz Acid II—This fraction was also a mixture from which no 
pure substance could be isolated. Separation by means of the 
ether-insoluble sodium salt resulted in a mixture of acids. The 
principal fraction had the following properties, m.p. 74-77°, 
equivalent weight 632, methoxyl (Zeisel) 0.67. 

Analysis—Found, C 80.23, H 13.33. 

The methyl ester was prepared as described before; m.p. 49- 
53°, hydroxyl 0.94, methoxyl, total, 4.48. 
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Analysis—Found, C 80.10, H 13.32. 

An adequate study and characterization of the wax acids must 
await the development of new methods for the separation and 
purification of acids of such high molecular weight. 

Fatty Acids of Lower Molecular Weight—The fatty acids isolated 
after the saponifications as recorded in Tables II and III were 
separated by the lead salt-ether procedure into 6.78 gm. of solid 
saturated acids and 7.62 gm. of acids giving ether-soluble lead 
salts. 

Acids from Ether-Soluble Lead Salis—The crude acids formed a 
semisolid mass and had an iodine number of 5. The mixture was 
subjected to catalytic reduction with hydrogen and platinum 
oxide, after which the lead salt-ether separation was repeated. 

The solid reduced acid thus isolated weighed 0.46 gm. From 
methyl alcohol it separated as a white amorphous powder having 
an indefinite melting point 55-90°, equivalent weight 316. This 
mixture was not further investigated. 

The acids recovered from the ether-soluble lead salts, 6.5 gm., 
were converted into methyl esters. The esters were fractionated 
and refractionated in a high vacuum through a modified Widmer 
column, yielding two principal portions, Fraction I and Frac- 
tion II. 

Fraction I—The ester, 1.44 gm., distilled as a colorless oil at 
112-114° and 0.006 mm. pressure, melted at about 0°, was opti- 
cally inactive, n? = 1.4436, d® = 0.8620, and the saponification 
value corresponded to a molecular weight of 301. 


Analysis—C,9H;3sO, (298). Calculated. C 76.51, H 12.75 
Found. “* 76.10, “* 12.74 
** 76.07, ‘* 12.77 


The free acid, 1.21 gm., isolated after saponification was a 
colorless crystalline mass, m.p. 29-30°. 


Analysis—C;sH3.O, (284). Calculated. C 76.05, H 12.67 
Found. ‘* 75.08, ‘* 12.73 
Mol. wt., 284.5 


The 2,4,6-tribromoanilide of the acid was prepared according 
to Robertson (17), and the product was recrystallized from 
methyl alcohol until the melting point remained constant at 
96-96.5°. The substance crystallized as fluffy, snow-white needles. 
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Analysis—C,,H;sON Br; (596). Calculated. C 48.32, H 6.43 
Found. ** 48.35, “* 6.44 


The analytical data indicate that this acid is an analogue of 
tuberculostearic acid (18) and an isomer of stearic acid with a 
branched chain. 

Fraction II—The ester, 1.86 gm., distilled at 172-175° and 
0.003 mm. pressure, m.p. 22-24°, [a]? = —5.3°, n? = 1.4519, 
dj = 0.8562. The acid, after saponification of the ester, was 
obtained as a wax-like solid, m.p. 33-34°, [a]? = —3.98°, equiva- 
lent weight 430. 

The properties of this acid resemble those of the levorotatory 
acid isolated from the human tubercle bacillus (19), but it was 
apparently a mixture from which no pure tribromoanilide could 
be obtained. 

The ester residue from the first distillation also yielded a mixture 
of levorotatory acids but no pure substance could be isolated. 

The results indicate that the acids from the ether-soluble lead 
salts consisted of (a) higher unsaturated acids which could not be 
identified, (b) an optically inactive saturated branched chain Cis 
acid, and (c) certain levorotatory acids of high molecular weight 
which could not be adequately separated or identified. 

Solid Saturated Fatty Acids—The acids isolated from the ether- 
insoluble lead salts were completely saturated because they ab- 
sorbed no iodine when tested by the Hanus solution. The 
methyl esters were prepared and systematically fractionated 
through,a modified Widmer column at a pressure of about 4 mm. 
into six fractions. 

Fraction I. Isolation of Palmitic Acid—The ester was a color- 
less oil which crystallized at room temperature, melted at 27-28°, 
and weighed 2.29 gm. Saponification yielded a white crystalline 
acid which after three crystallizations from methyl! alcohol melted 
at 62-63° and gave no depression when mixed with pure palmitic 
acid. 

Analysis—C,eH3,0, (256). Caleulated. C 75.00, H 12.50 


Found. ** 74.94, “ 12.36 
Mol. wt., 252 


The properties and composition identify this acid as palmitic 
acid. 
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Fractions II to IV were apparently intermediate fractions and 
were not examined. 

Fraction V, which melted at 36-37°, was thought to be methyl 
stearate, but the acid obtained on saponification melted at 65-66° 
and depressed the melting point of stearic acid about 9°; hence 
stearic acid if present at all must be a very minor constituent. 

Fraction VI. Isolation of a Tetracosanoic Acid—The crystalline 
ester melted at 39-42° and the acid obtained on saponification was 
recrystallized from acetone until the melting point remained con- 
stant at 76-77°. The crystal form was quite different from that 
of the ordinary fatty acids; bulky diamond-shaped crystals sep- 
arated from acetone and boat-shaped needles were obtained from 
methyl! alcohol. 


Analysis—C2,H «sO, (368). Calculated. C 78.26, H 13.04 
Found. “78.20, ** 13.12 
Mol. wt., 368, 367 


The analytical data are in agreement with the calculated com- 
position of tetracosanoic acid, but the low melting point and pe- 
culiar crystal form suggest that the substance is probably a 
branched chain acid. 

Unsaponifiable or Neutral Material—From the neutral material 
liberated on saponification of the wax, as recorded in Tables II 
and III, was isolated the dihydroxy monomethoxy alcohol phthio- 
cerol, C3sHO;, m. p. 73-74°, as described in a previous report 
(5). In addition to phthiocerol the neutral material contains a 
second non-crystalline substance which we have not investigated 


SUMMARY 


The results of our investigation of the purified chloroform- 
soluble wax from the bovine type of the tubercle bacillus may be 
summarized as follows: 

1. The composition of the wax is in general similar to the wax 
contained in the alcohol-ether extract of the human tubercle 
bacillus and which is obtained from the mother liquors in the puri- 
fication of the phosphatide fraction. 

2. The following types of compounds were obtained on saponi- 
fication of the wax: (a) water-soluble constituents, glycerol and 
carbohydrate, (b) the ether-alcohol-insoluble Wax Acids I and 
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II, (c) ether-alcohol-soluble fatty acids, and (d) neutral or un- 
saponifiable matter. 

3. The carbohydrate is a complex mixture of organic phosphoric 
acids and a phosphorus-containing neutral polysaccharide. The 
neutral polysaccharide on hydrolysis yields (a) organic phosphoric 
acids, among which inosite monophosphoric acid is apparently 
present, (b) mannose, (c) inosite, and (d) an unidentified reducing 
sugar. 

4. The ether-alcohol-insoluble Wax Acid I represents a mixture 
of optically active acids with an average molecular weight of 
about 1200, containing hydroxyl and methoxyl groups. The chief 
component is bovine mycolic acid which is very similar in its 
properties to mycolic acid obtained from the wax of the human 
tubercle bacillus. Bovine mycolic acid, when heated under re- 
duced pressure to 250-300°, cracks and n-hexacosanoic acid dis- 
tils off. 

Wax Acid II represents a mixture of optically active acids hav- 
ing an average molecular weight of about 630 and containing 
hydroxyl and methoxyl groups. 

5. The ether-alcohol-soluble fatty acids consisted of (1) solid 
saturated fatty acids which on fractionation yielded (a) palmitic 
acid and (6) a tetracosanoic acid of unknown constitution; (2) a 
small quantity of unsaturated fatty acids of high molecular weight 
but of unknown composition; (3) a new saturated optically inac- 
tive branched chain acid, C)sHyO2, isomeric with stearic acid; 
(4) a mixture of levorotatory acids having an average molecular 
weight of about 430 which could not be separated or identified. 

6. The only ordinary fatty acid found among the ether-soluble 
constituents of the bovine tubercle bacillus wax was palmitic acid. 

7. The neutral or unsaponifiable matter contained a crystalline 
dihydroxy monomethoxy alcohol, C;;H Os, identical with phthio- 
cerol, which has previously been found only in the waxes from the 
human tubercle bacillus. About one-half of the neutral material 
was a non-crystalline substance of unknown composition. 
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APPLICATION OF THE SCHOENHEIMER-SPERRY 
METHOD TO THE DETERMINATION OF CHO- 
LESTEROL AND CHOLESTEROL ESTERS 
IN TISSUES* 


By STUART STURGES ano ARTHUR KNUDSON 
(From the Department of Biochemistry, Medical Department of Union 
University, Albany Medical College, Albany) 


(Received for publication, September 6, 1938) 


In the course of studies planned on cholesterol metabolism, it 
was felt necessary to develop a microtechnique for cholesterol that 
would be suitable for analysis in tissues. 

It has been pointed out that a direct Liebermann-Burchard re- 
action method is dependent upon too many variables, some of 
which cannot be regulated, to be accurate for colorimetric work. 
There is also the possibility of other chromogenic substances inter- 
fering with the color reading. Because of these factors, the basic 
method of Schoenheimer and Sperry (1) was chosen. It provides 
for a finer separation of cholesterol from other chromogenic sub- 
stances by means of a digitonide precipitation and an indirect 
Liebermann-Burchard reaction for color development, the vari- 
ables of which can be regulated. 

Colorimetry was carried out with the use of a colorimeter 
equipped with microcells and a light filter. The filter is necessary 
because digitonin by this method produces a slight color which 
is avoided by reading between 610 anc 630 my, the maximum ab- 
sorption for digitonin. The method of extraction is that of a 
simple reflux, completeness of which is absolutely essential for 
accurate results. 


* A report of this work was presented before the Division of Biological 
Chemistry at the meeting of the American Chemical Society at Rochester, 
September 6-10, 1937. The work was aided by a grant from the Committee 
on Scientific Research, American Medical Association. 
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Procedure 


Reagents—The materials are the same as in the original method 
of Schoenheimer and Sperry with the exception that a 0.3 per cent 
alcoholic solution of digitonin in 90 per cent alcohol was used in- 
stead of a water solution. 

The following apparatus was used: (1) 10 ec. graduated cylin- 
ders with glass stoppers; (2) 12 cc. centrifuge tubes with stirring 
rods. Each tube had a tip of not more than 2 to 3 mm., which 
facilitated the removal of liquids;' (3) a colorimeter with a filter 





Fic. 1. Apparatus as set up for extraction of tissue cholesterol 


(Wratten No. 71A) and microcells, as suggested by Fitz (2); (4) a 
water bath enclosed so that twenty tubes could be kept in the dark; 
(5) 1 quart preserving jars with rubber gaskets; (6) an electric fan; 
(7) a finger reflux, as illustrated in Fig. 1. This consists of pieces 
of glass tubing small enough to be inserted in the necks of 
the 10 ec. volumetric cylinders. The length of these tubes is 
about 3 inches. They are sealed at one end and on the other are 
placed pieces of rubber tubing about an inch long. Each of the 
pieces of rubber has a small hole pierced in its side through which 
is passed a second tube of 6 to 8 mm. stock, long enough to reach 


! These tubes were prepared specially for us of Pyrex glass by the Corn- 
ing Glass Works. 
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the bottom of the condenser tube and drawn to a long, fine tip of 
about 1.5mm. This second tube acts as the inlet tube. Three 
of these condensers are set in series. On the outside of each is 
also placed a small rubber disk that acts as an apron and prevents 
dust and moisture from getting into the flasks. 

Preparation of Tissue—The tissue was first bared and cleaned. 
With skin tissue, the hair was first removed by means of fine 
hair clippers and a razor. As much as was possible of the fatty 
layer was then removed, so that the remaining portion consisted 
largely of epithelium and corium. In the case of organ tissue, the 
fat, if present, was removed, leaving just the organ for use. Tis- 
sues were then handled in one of three ways. 

The first two methods required shredding of tissue with scissors 
until a very fine subdivision was obtained. The tissue was 
weighed in a 10 cc. volumetric cylinder which had been previously 
dried at 100° and weighed. In the first method, absolute alcohol 
was added in sufficient amount to cover the tissue and after stand- 
ing for half an hour, it was placed in an oven at 100° for 1 hour. 
It was then removed to a vacuum desiccator where it was placed 
under reduced pressure overnight. The next day, the tubes were 
weighed and the material extracted. The second method was to 
extract the tissue directly and determine the dry weight of the 
tissue by taking a separate aliquot sample. The sample was 
weighed on a dried and weighed glass, covered with absolute al- 
cohol, placed in an oven at 100° for an hour, removed to a desic- 
eator and placed under reduced pressure overnight, and then 
weighed. 

In the third method, which applies only to skin, the tissue was 
dried at a low temperature, as suggested by Thaysen (3). The 
tissue was cleaned and placed in an oven at 32-36° in such a 
manner that a slow current of air would pass over it. When it 
was thoroughly dried, the tissue was cut in small pieces, placed in 
the oven for a few more hours, weighed in a volumetric cylinder 
of known weight, and extracted. 

The amount of tissue used for determinations varied with the 
amount of cholesterol present. For skin, about 200 mg. of wet 
tissue were found to be sufficient. The smallest amount of skin 
tissue used was a sample of about 50 mg. 

Extraction—To each of the cylinders containing tissue, 3 to 4 ce. 
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of acetone-alcohol are added. These are placed on a sand bath 
with a finger reflux (Fig. 1) placed in the neck of each and allowed 
to reflux for 3 hours. The cylinders are then raised and cooled 
until ebullition ceases. The reflux tubes are raised and washed 
with several small portions of acetone-alcohol by means of a 
pipette with a rubber bulb. The cylinders are then removed from 
the bath, cooled, and made up to a volume of 10 cc. The contents 
are mixed thoroughly and the extract is ready for determination. 
If, however, a cloudy extract is obtained, it should be filtered as 
for blood, but usually the solution is clear enough to use directly. 


Determination 


Precipitation of Free Cholesterol—An aliquot of 1 or 2 ce. is 
pipetted into a centrifuge tube containing a glass stirring rod. 
3 drops of 5 per cent HCl are added and then 1 ec. of alcoholic 
digitonin. The solutions are mixed and placed in a glass jar over- 
night. 

Precipitation of Total Cholesterol—To 1 cc. of extract in a centri- 
fuge tube with a glass rod, 1 drop of the KOH solution is added. 
The solutions are stirred and placed in a tightly sealed jar at 37° 
for 2 hours. The tube is then removed, cooled, and neutralized 
to phenolphthalein with 5 per cent HCl. Then sufficient water is 
added to dissolve the salt present. To this is added 1 cc. of digi- 
tonin solution. These are stirred and placed in a jar at room tem- 
perature overnight. From here, the steps of centrifugation and 
washing, drying, and color development for both the free and total 
cholesterol are the same as in the original method (1). 

A Klett microcolorimeter with a Wratten filter (No. 71A) was 
used for the determination of color intensities. At the side of the 
colorimeter was placed an electric fan, so that the fumes of the 
acetic anhydride would not interfere with the measurement. This 
also helped cool the cups while readings were being made, thus 
reducing the possibility of error due to heat, which changes the 
color. 


DISCUSSION 


The technique of the Schoenheimer-Sperry method has been 
shown for blood to produce results that are comparable with the 
macromethod of Windaus (4). The latter is believed to be accu- 
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rate to within 2 per cent. In order to check the accuracy of our 
microcolorimetric method on tissues, a comparison of the total and 
free cholesterol was made with the gravimetric method of Fex (5) 
as modified by Sperry (4). Our first difficulty arose in attempting 
to get a representative sample for the microextraction method. 
The skin from the face, back, and abdomen of several rats was 
used and treated as described above in the third method for prep- 
aration of tissue. After drying, it was chopped into very small 
pieces and mixed thoroughly. A portion was then taken for the 
micromethod. For the macrogravimetric method, about 15 gm. 
of tissue were used. The results of these comparisons are given 
in Table I. 


TaBLe | 
Comparison of Colorimetric and Gravimetric Methods for Cholesterol in Skin 


The figures represent mg. per 100 gm. of tissue. 














Total cholesterol | Free cholesterol 

Rat skin — — 
Microcolori- | Macrogravi- Microcolori- Macrogravi- 
metric method metric method metric method metric method 
‘ee 
A 25 Ci 204 93 90 
B* 278 269 100 104 
Cc* 276 267 














* Rat Skins B and C are taken from one composite sample of skin from 
four rats, which was divided into two parts. 


The agreement between the two methods is very good and in- 
dicates that our method of extraction is quite complete and that 
the values found by our procedure are within 3 to 4 per cent of that 
obtained by the gravimetric method. 

A further check upon the completeness of extraction was carried 
out by collecting about 30 gm. of extracted tissue. This was 
washed three times with alcohol-acetone solution to remove any 
of the adhering cholesterol-containing liquid. It was then put 
into solution with 2 per cent NaOH and extracted by the method 
of Fex. The resulting extract contained no cholesterol. 

In the course of development of our method, the precipitation 
of cholesterol was studied. Schoenheimer and Dam (6) had re- 
ported that for alcohol solutions 20 per cent of water is necessary 
for complete precipitation. However, in Table IT it will be noted 
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that in an alcohol-acetone tissue extract containing hydrochloric 
acid solution complete precipitation of cholesterol is obtained 
with variation of the water content from 6 to 20 per cent. 

It has been reported that acid tends to inhibit coupling of digi- 
tonin and cholesterol. However, we have found practically the 
opposite, as less water is required to bring about complete precip- 
itation if only a slight amount of acid is present. With distilled 
water alone, variable results were produced. At times precipita- 
tion did not occur and at other times a very greasy precipitate 
that was not complete would be formed. Checks were obtained 
with 2 drops of 0.1 N H,SO, and 1 drop of a saturated solution of 


Tasie II 
Variation in Water Content in Precipitation of Cholesterol from 
Tissue Extract 
Each tube contained 1 cc. of tissue extract and 1.5 cc. of alcoholic digi- | 
tonin. 








5 per cent HCl Total water Water Total cholesterol 

















Tube No. [a | 
ec. per cent mg. per 100 gm. 
1 0. a 0.151 5.9 222 
2 0.152 0.227 8.6 | 222 
3 | 0.228 0.303 11.1 220 
4 | 0.304 0.379 13.5 220 
5 | 0.380 0.455 15.7 225 
6 0.456 0.531 17.9 222 
7 0.532 0.607 21.0 | 221 





potassium dichromate in H,SO,, instead of a solution of hydro- 
chloric acid. The total water present was 6 per cent, giving some 
indication that acids aid, rather than hinder, the reaction. 

Owing to the separation of other materials when a water solu- 
tion of digitonin was added, an alcoholic solution was used. Suffi- 
cient water was later added in the form of a 5 per cent solution of 
hydrochloric acid for precipitation. Two different brands of 
digitonin*® were used for precipitation of cholesterol, and, as far as 
our results were concerned, they were equally efficient. 

In Table III are given a few representative results of analysis 


? The two digitonins tested were from Merck and Hoffman-La Roche. 
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of several tissues of the normal rat to which this method has been 
applied. 

The rats from which these tissues were taken were about 1 year 
old. Several determinations were made on the skin from the face, 
back, and abdomen. The total cholesterol averages about the 
same from each of these places, but the free cholesterol varies and 
it is highest in skin from the face, averaging about 60 per cent. 
The skin from the back is lowest in free cholesterol, averaging 


Tape Ill 
Cholesterol in Tissues of Rats 


Cholesterol 











| | 
Tissue | Solids | eee De: | "amen 
| | Tot | Fre | 
per cent | mg. per 100 gm. | ang. per 100 gm. | per cent 
Skin from face 36.1 225 | 126 56 
31.5 | 2 | ue | 55 
37.9 25 | 145 | 67 
" * back 42.1 | 212 | 9 «| 45 
40.0 241 67 27 
30.8 | 18 | 57 31 
st ‘ abdomen 43.4 | 252 109 43 
39.2 | 202 = a 
Kidney MO 4 Me 1 Bed 90 
a 450 | 406 93 
Liver 23.3 | 195 175 89 
23.2 | 189 150 S4 
28.5 150 06=— | s«139 92 
29.0 202 158i 73 








about 35 per cent, and the skin from the abdomen is between these 
two, averaging about 47 per cent. 

In the kidney tissues, the total cholesterol is high and 90 per cent 
is in the free state. The liver tissue has only about half as much 
cholesterol as the kidney tissue and from 73 to 92 per cent is in the 
free state. 


SUMMARY 


1. A microcolorimetric method for the determination of tissue 
cholesterol has been devised, utilizing the basic method of Schoen- 
heimer and Sperry. 
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2. The microcolorimetric tissue procedure checks with the 
macrogravimetric method. 

3. The water content for complete precipitation need not be 20 
per cent, as suggested in the procedure of Schoenheimer and 


Sperry. 


We would like to express our appreciation to Dr. Schoenheimer 
and Dr. Sperry for their interest in the problem and their most 
valuable suggestions. 
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THE DETERMINATION OF ETHYL ALCOHOL IN BLOOD 
AND URINE WITH THE PHOTOELECTRIC 
COLORIMETER 


By JOHN G. GIBSON, 2np, anp HARRY BLOTNER 


(From the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine, Harvard Medical School, Boston) 


(Received for publication, September 7, 1938) 


In the method described by Nicloux (1) the concentration of 
alcohol in biological fluids is determined by measuring the amount 
of potassium dichromate in solution in sulfuric acid reduced by 
the alcohol present, the reaction involved being 3C;,H,OH + 
2K2Cr.0; + SH.SO, => 3CH;COOH + 2KeSO, + 2Cr2(SOx)s + 
11H,0. The excess of potassium dichromate over that entering 
into the reaction is determined by titration with potassium per- 
manganate after the addition of ferrous ammonium sulfate. 

In the modification of this method herein described, the con- 
centration of alcohol is measured by a direct determination with 
the photoelectric colorimeter of Evelyn (2) of the diminution in 
color of the acid dichromate solution, due to reduction by the 
alcohol. This procedure does away with the preparation of the 
quantitative ferrous ammonium sulfate and the unstable potas- 
sium permanganate solutions and with the titration. 

Potassium dichromate in sulfuric acid solution has a stable 
color which conforms to the Beer-Lambert law, its absorption 
spectrum being as shown in Fig. 1, Curve 1. In the reduction of 
potassium dichromate in acid solution by ethyl alcohol a green 
color develops, the intensity of which increases with the amount 
of dichromate reduced. Thus, as shown in Fig. 1, Curve 5, when 
enough alcohol has been added to reduce completely all the di- 
chromate present, the solution instead of being colorless has a 
definite green tinge. 

The development of this secondary color results in a progressive 
shift in the peak of the transmission band of the dichromate solu- 
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tion towards the violet as the amount of dichromate reduced in- 
creases (see Fig. 1, Curves 1 to 5). 

The filter employed is composed of a yellow glass 3 mm. thick 
and a blue glass 2 mm. thick. The transmission curves of the 
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Fic. 1. Spectrophotometric transmission curves of component yellow 
and blue glasses and composite transmission of Filter 440, and of acid 
potassium dichromate solutions to which ethyl alcohol has been added. 
Curve 1, 0.213 gm. per cent K,Cr,0; in 5 Nn H,SO,; Curves 2 to 4, same, to 
which aleohol in concentrations of 31.2, 62.4, and 78.0 mg. per cent have 
been added. In Curve 5 the K,Cr,O; is completely reduced. There has 
been a progressive shift towards the violet of the transmission peak of the 
yellow color and an increase in absorption about 590 uu. 


component glasses and of the composite Filter 440° are shown in 
Fig. 1. The use of this fairly wide spectral band permits of ob- 


1 Stock filter supplied with the photoelectric colorimeter by the Rubicon 
Company, Philadelphia. 
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taining transmission values bearing a logarithmic relationship 
to the intensity of the combined yellow and green color and hence 
to the concentration of alcohol, in spite of the shift in absorp- 
tion peak (see Fig. 2). 


Method 


Reagents 

1. Aqueous solution of potassium dichromate, 3.1943 gm. per 
liter. 

2. 10 per cent aqueous solution of sodium tungstate. 

3. ?.N sulfuric acid. 

4. 18 w sulfurie acid. 

Procedure—A modification of the Fleming and Stotz method 
(3), with the Folin blood filtrate, is used. 2 cc. of oxalated whole 
blood’ are laked in 14 cc. of water and 2 ce. of the sodium tung- 
state solution added and the solution shaken. The addition of 
2 cc. of 18 N sulfuric acid precipitates both serum protein and 
hemoglobin and the mixture is either filtered or centrifuged 
until the supernatant fluid is clear. 10 cc. of the filtrate are 
placed in a 100 cc. round bottomed flask and about- 5 to 6 ee. 
distilled off through a glass tube leading into a 25 cc. ground 
glass-stoppered measuring cylinder containing 5 cc. of 18 N 
sulfuric acid and 2 cc. of the potassium dichromate solution. The 
volume after distillation should be close to 15 ce. to obtain an 
approximately 6 Nn solution of H,SOQ,. The cylinder is cooled 
in an ice bath during distillation and the open end of the tube 
should reach nearly to the bottom of the cylinder. After distilla- 
tion, the ground glass stopper is sealed in place with a drop of 
concentrated sulfuric acid and the contents of the cylinder heated 
in a water bath at a temperature of about 75-80° for 20 minutes, 
then cooled to room temperature, diluted te exactly 20 cc., mixed, 
and decanted into a standard colorimeter tube. 

The amount of urine employed is 10 cc. when the concentra- 
tion of alcohol is low, as before, and 1 cc. made up to a volume 
of 10 cc. with distilled water when high, as after the ingestion of 
alcohol. The urine is treated in the same way as the blood fil- 


* The skin was sterilized for venipuncture with a 1:1000 bichloride 
of mercury solution. 
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trate. The method, however, is not specific for alcohol, because 
volatile reducing substances such as acetone give the test. 


Colorimetry 


A blank is prepared by the addition of 5 cc. of 18 n sulfuric 
acid to 15 cc. of water in a colorimeter tube. The 10 cc. aperture 
of the colorimeter is used, and with the blank in place the galva- 
nometer is adjusted to 100 with Filter 440. The reading obtained 
after removal of the blank tube from the instrument (the center 
setting) is kept constant for readings on all test samples. With 
each set of samples a reading is made on a tube containing 2 cc. 
of the 3.1943 gm. per liter potassium dichromate, 5 cc. of 18 nN 
H.SO,, and 12 cc. of distilled water. This tube corresponds to a 
0 mg. per cent standard. 

The concentration of alcohol in the original material is obtained 
by the formula 
ov 100V(L, — Ly) 


AK (1) 


xX 
where X is the number of mg. of alcohol in 100 cc. of blood or 
urine; V (in ec.) is the final volume of the solution placed in the 
colorimeter tube (20 cc.); A (in cc.) is the volume of original 
material used in the test (1 cc. of blood and 10 ce. of urine); 
and L, and Lz are the negative logarithms of the galvanometer 
readings of the 0 mg. per cent standard and of the sample tube 
respectively. K is the calibration constant, the numerical value 
of which has been determined as 7.50 with the type of instrument 
used in this investigation. 

A table may be constructed from the calibration chart from 
which the concentration of alcohol in mg. per cent for any 
galvanometer reading. may be read directly. 


Calibration 
Calibration consists in the determination of the values of the 
constant K by measurements on solutions containing known 


concentrations of alcohol. 
A calibration curve was made from the transmission values’ 


* Corrected for linear aberration of the galvanometer according to the 
calibration table supplied with each instrument. 
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of a series of alcohol solutions of known concentration and is 
shown in Fig. 2. The alcohol was anhydrous and the concen- 
tration of alcohol in the series of standards is as given in Table I. 
For each standard 1 cc. of the alcohol solution was added to 2 ce. 
of 3.1943 gm. per liter potassium dichromate, 5 cc. of 18 n H»SO,, 
and 7 cc. of distilled water in a graduated measuring cylinder, 
making the volume 15 cc. This mixture was heated in a stop- 
pered cylinder in a water bath at 80° for 20 minutes, cooled to 
room temperature, diluted to 20 cc. with distilled water, decanted 
into a standard colorimeter tube (2), and read in the photometer 
with Filter 440, the 10 cc. aperture being used, against an appro- 
priate blank tube prepared as described above. The correspond- 


100 


60 


40 
30 





TRANSMISSION IN PER CENT 


20 
0 1% 30 45 60 7S G0 105 120 135 150 
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Fic. 2. Calibration curve. Logarithmic relationship of transmission 
values (G) obtained with Filter 440 for acid K,Cr.0; solutions and concen- 
tration of ethyl alcohol. 


ing values of K were then calculated from Equation 1. From the 
results given in Table I, K = 7.5 when A = 1 and V = 20. 
Identical values for K were obtained in a series of standards in 
which 1 cc. of the alcohol standard was diluted to 10 cc. and sub- 
jected to distillation into the acid dichromate solution, as de- 
scribed above under “Procedure.” 

When this method is adopted, it is only necessary to check the 
accuracy, for each photoelectric colorimeter, of the K factor, as 
given in Table I, by means of one or two carefully prepared alco- 
hol standards made as described above. In principle this method 
is adaptable to any photoelectric colorimeter, and, theoretically, 
to any two-cup colorimeter in which the Gillespie principle is 
employed. 
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TABLE I 
Determination of Colorimetric Constant 























Aleohol G | La | wb-k | K 
mg. per cent 
0 23° | 0.3617* | 
Raney he 0.4314 | 0.0697 | 9.30 
30 29° | 0.4624 | 0.1007 6.72 
45 34! | 0.5346 0.1729 | 7.68 
60 38! | 0.5827 0.2210 | 7.37 
75 44° 0.6435 0.2818 | 7.52 
9) 49! 0.6902 0.3285 | 7.31 
105 55? | 0.7443 0.3826 | 7.30 
120 64? | 0. 8096 0.4479 | 7.47 
135 75! 0.8765 0.5148 7.62 
150 84? 0.9269 0.5652 | 7.53 
Pe SOA Ey Peer ~ 7.50 
G is the galvanometer reading, expressed to nearest quarter of a scale 
; division. 
: * I,, or 2 — log G of sample of K,Cr,O; containing no alcohol. 


TaB.Le II 


Amount of Alcohol Recovered by Titration and Photoelectric Colorimeter 
Method from Distillation of Alcohol Solutions of Known Concentration 


The values are given in mg. per cent. 














f OT m athlip 
Known concentration Amount recovered 
of alcohol en — = 
Photoelectric colorimeter | Titration 
98 95 | 91 
. e 58 | 59 , 
47 43 4 | 
39 36 35 
iF 1 29 30 
23 21 24 
} 16 15 | 13 
i 8 6 
: 4 4 ! 
; 3 1-0 1-0 Bie 
; 1 1-0 
— —E | e- t 
0 
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It seemed of practical value to compare the results obtained 
with the titration and photoelectric methods in a series of alcohol 
solutions of known strength. These are shown in Table II, and 
are much the same with both methods. However, in repeating 
the tests a number of times on the known solutions, the results 
with the photoelectric method were more consistent and reliable 
than with the titration method. A small amount of alcohol such 
as 1 or 2 mg. was not recovered at all times. It is common ex- 
perience with a distillation method to recover slightly less alcohol 
than is present in the test sample. 


Tasie III 
Comparison of Alcohol Concentrations in Blood and Urine after 
Ingestion of Alcohol As Determined by Titration and 
Photoelectric Colorimetric Method 


The values are given in mg. per cent. 

















Blood | Urine 
Titration yn er mo mg Titration yin a ma oy 
11 10 15 il 
17 18 18 20 
24 27 20 23 
35 34 30 32 
40 43 39 44 
49 53 44 42 
50 45 55 57 
55 61 67 74 
62 68 85 94 











In Table III are shown the results obtained by both methods 
on blood and urine samples of nine patients taken after the in- 
gestion of alcohol. The slight difference in results obtained is 
of no clinical significance. 


Normal Blood and Urine Alcohol 


Specimens of blood of 52 normal fasting or non-fasting indi- 
viduals, known to have taken no alcohol for some time previous 
to the test, were tested for alcohol by the method described. In 
thirty-three of these people, simultaneous samples of urine were 
obtained. In twenty-nine cases, the urine alcohol concentration 
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ranged from 0.4 to 2.4 mg. per cent and in four cases there was 
no alcohol in the urine. In thirty cases, the blood contained 
no alcohol or less than 1 mg. per cent, and of the urines tested in this 
group the alcohol concentration varied from 0 to 0.9 mg. per cent. 
In twenty-two cases, the blood alcohol concentration ranged 
from 1.0 to 6.5 mg. per cent, the usual amount being 2 to 4 mg. 
Of the urines tested in this group the alcohol concentrations 
varied from 0 to 2.4 mg. per cent. There was no apparent rela- 
tionship between the presence or abserice of alcohol in the blood 
and in the urine in this series of cases. 

Investigators using other methods have found the alcohol 
content of normal blood to vary somewhat. Kridelka and Bohet 
(4) found no volatile reducing substance in normal blood. Friede- 
mann and Klaas (5) obtained approximately 0.4 mg. per cent for 
the alcohol content of normal blood and urine. Harger and Goss 
(6) found from 0 to 0.027 mg. per cent of alcohol in normal blood, 
and from 0.06 to 0.185 mg. per cent of alcohol in normal urine. 
Miles (7) and Gettler et al. (8) found higher values for normal 
blood, ranging from 1.7 to 4.0 mg. per cent. In the opinion of 
Taylor (9) and Gettler and coworkers (8) the reducing substance 
found is actually ethyl alcohol, although it is possible that acetone 
may also reduce the dichromate. It is evident that the blood 
of normals may contain traces of ethyl alcohol in the absence of 
recent ingestion of alcohol. 


SUMMARY 


1. A photoelectric colorimetric method for determining the 
concentration of ethyl alcohol in blood and urine based on the 
direct measurement of the diminution in the color of potassium 
dichromate resulting from the reduction by alcohol is described. 

2. This procedure eliminates the preparation of two quantita- 
tive solutions, one being unstable, and substitutes objective 
colorimetry for titration. 

3. With this method described the alcohol content of normal 
blood varies from 0 to 6.5 mg. per cent, and of normal urine from 
0 to 2.4 mg. per cent. 


Miss Y. L. Dondos and Miss Evelyn Berstein gave valued tech- 
nical assistance. 
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A MICROMETHOD FOR THE DETERMINATION 
OF IRON IN BLOOD 


By ROSALIE BREUER ann WALTER E. MILITZER 
(From the Avery Laboratory of Chemistry, University of Nebraska, Lincoln) 


(Received for publication, September 1, 1938) 


In studying the accepted clinical methods for the determination 
of iron in whole blood, we encountered difficulty in obtaining 
check results with the Wong (1) method and also with other 
methods. This is not unusual and has been reported by others 
in the literature and in private communications (2). Our experi- 
ences in trying to get a practical method that would give check 
results run parallel with those of Jackson (3) on a variety of bio- 
logical materials. Since he has discussed the factors involved 
rather fully, our results will only be mentioned here. Dry ashing 
methods on a microscale never gave consistent values and always 
led to low recoveries. Of the wet ashing methods, only the use of 
perchloric acid gave a satisfactory oxidation of the organic matter. 
It has, however, the disadvantage of being dangerous for routine 
laboratory or clinical use (4); the procedures are long, involved, 
and unsuited for microdeterminations. 

We have found that acid permanganate can be used very satis- 
factorily for the digestion of small samples of blood. The oxida- 
tion results in a clear solution free from interfering substances. 
The excess permanganate can be destroyed with a drop of hydro- 
gen peroxide and the iron determined by the thiocyanate method 
after stabilization of the color. 

Fading of the ferric thiocyanate is caused by the evolution of 
hydrogen sulfide from the decomposition of the thiocyanate ion. 
This reduces the ferric ion to the colorless ferrous ion which gives 
no color with thiocyanate. The decomposition is hastened by 
light and by a strong acid medium. The color can be stabilized 
for several hours even in strong acid by placing the solutions in 
the dark and by adding an oxidizing agent to oxidize the hydrogen 
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sulfide. The stabilizers that have been mentioned in the litera- 
ture are nitric acid and potassium persulfate (1). Of the oxidizing 
agents we have tried in the stabilization, potassium persulfate is 
superior, since it has only a small tendency to oxidize the thio- 
cyanate to free sulfur. Hydrogen peroxide is also satisfactory 
but has a greater tendency in this direction. 

The following method is a micromethod. Former methods have 
required macro samples of blood. The procedure is based on 0.1 
ec. of blood, but it can be reduced to 0.05 ce. without difficulty. 
Although a volumetric flask is recommended for best results, an 
accurately calibrated Pyrex test-tube will serve just as well. 


Procedure 


Reagents— 

1. Iron-free distilled water. 

2. Iron-free concentrated sulfuric acid. 

3. 2 per cent solution of potassium permanganate. 

4. 3 per cent solution of hydrogen peroxide. 

5. Saturated solution of potassium persulfate, 7 gm. per 100 ce. 
of water. 

6. Potassium thiocyanate solution, 14.6 gm. dissolved and 
diluted to 50 cc. with water; made up fresh about every 3 weeks. 

7. Standard iron solution. Weigh out sufficient ferrous am- 
monium sulfate of known iron content to give 0.1 mg. per cc. of 
iron when diluted to 1 liter. This generally amounts to 0.7 gm. 
Dissolve in 50 cc. of distilled water and add 50 cc. of 10 per cent 
iron-free concentrated sulfuric acid. Warm and add 0.1 N potas- 
sium permanganate until oxidation is complete. Transfer 
accurately to a liter volumetric flask and dilute to the mark. 
This is the primary standard. For the secondary standard dilute 
exactly 10 cc. of the above to 100 cc. 

1 cc. of iron-free distilled water is placed in a 10 ec. glass- 
stoppered volumetric flask. 0.1 ec. of blood is pipetted into this 
by means of a 0.1 cc. micropipette. Lowering of the pipette to 
the mark is greatly aided by holding a piece of filter paper over 
the tip. The contents of the flask are drawn into the pipette up 
to the mark several times to insure removal of the blood. The 
last traces of blood are rinsed from the pipette by drawing dis- 
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tilled water into the pipette up to the mark and expelling into the 
flask. 1 cc. of concentrated sulfuric acid is added and the flask 
rotated to insure solution of the laked blood. 

2 per cent potassium permanganate solution is now added drop 
by drop from a burette, with shaking after each addition. The 
total amount generally required is about 2 cc. The first cc. may 
be added fairly rapidly but as the oxidation proceeds to completion 
the additions should be made in 2 and 3 drop portions. During 
the addition the temperature of the solution is kept about 60° by 
an occasional whirling over a small microburner. When the 
permanganate color persists for 5 minutes, the digestion is com- 
pleted. The excess is destroyed by a drop of 3 per cent hydrogen 
peroxide. If manganese dioxide is formed during the oxidation, 
it may, likewise, be removed with hydrogen peroxide before the 
next addition of permanganate. 

The flask is cooled and 0.5 ec. of saturated potassium persulfate 
solution is added, after which water is added up to the 10 ec. mark. 
Then’ 1 ce. of potassium thiocyanate solution is added. The 
contents of the flask are thoroughly shaken after being stoppered, 
and a portion ts filtered directly into a colorimeter cup through 
iron-free filter paper. It is preferable to prepare each sample 
separately and measure its color at once, rather than prepare a 
number of samples together. 

Comparison is made with a standard solution set at 20.0 pre- 
pared as follows: 5 cc. of the secondary standard are pipetted into 
a 10 ec. volumetric flask. 1 ce. of concentrated sulfuric acid is 
added ; after mixing, the flask is cooled, 0.5 cc. of saturated persul- 
fate is added, and then the whole diluted to the mark with water. 
1 cc. of potassium thiocyanate solution is added, followed by a 
thorough mixing. The solution is placed directly in a light- 
protected colorimeter cup and allowed to remain there during 
the comparisons. 

Since the standard contains 0.05 mg. of iron, the calculation in 
mg. per 100 cc. of blood follows from the formula (20/R) x 
0.05 X (100/0.1), in which R denotes the colorimeter reading. 

Some of the results are given in Table I. 

Although the values in Table I indicate a close agreement, the 
precision of the method cannot be greater than that of the color- 
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imeter. This varies with the observer but generally amounts to 
two-tenths or three-tenths of a division on the scale. This 
represents about 0.6 mg. of iron on the basis of 100 cc. of blood. 


TaBLe I 


Determination of Iron in Blood 























Sample Chute esting, Fe per 100 ce. 
mm. mg. 

Al 19.0 52.6 

A2 19.0 52.6 

Bl 21.8 45.9 

B2 21.9 45.7 

Cl 18.3 54.6 

C2 18.3 54.6 

D1 16.8 59.5 

D2 16.7 59.9 | 
El 17.3 57.8 

E2 17.3 57.8 

Fl 20.9 47.8 ' 

F2 20.9 47.8 

Gl 17.5 57.2 
G2 17.3 57.8 

Hl 16.8 59.5 

H2 16.6 60.2 

Taste II 


Comparison of Hemoglobin Content by Newcomer Method and Iron Method 








Sample Hb calculated from Fe Hb by Newcomer method 

per cent per cent 

A 15.7 15.8 

B 13.7 13.8 

C 16.3 16.7 

D 17.9 18.1 

E 17.3 17.4 

F 14.3 13.8 

G 17.2 17.3 

H 17.9 18.1 











We attempted to check the figures by the old and new Wong 
methods, and the Kennedy method; but these never showed 
agreement within themselves, and, hence, were discarded. For 
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purposes of comparison we determined the hemoglobin content 
of the bloods by the Newcomer method (5). In Table II the 
hemoglobin calculated from the iron content as compared with the 
hemoglobin determined by the Newcomer method is given in per 
cent. Iron content may be converted to per cent hemoglobin by 
dividing the mg. per 100 cc. by 3.35. 

The values check within the experimental error of the New- 
comer method, which is subject to an error in color matching to 
the extent of 0.2 to 0.4 per cent in hemoglobin. 

In order to check the accuracy of the method in relation to the 
absolute iron content small quantities of iron were added to 
digested samples. The additions were made on bloods of iron 


Tase III 
Recoveries of Iron Added to Samples of Blood 


Fe in 0.1cc. sample | Additions Fe determined Recovered 
mg. mg. mg. per cent 
0.0448 0.01 0.0544 96 
0.01 0.0542 04 
0.02 0.0633 92.5 
0.02 0.0637 94.5 
0.0455 0.01 0.0553 98 
0.01 0.0549 94 
0.02 0.0649 | 97 
0.02 0.0646 


95.5 





content in the lower region of normal blood. The recoveries are 
given in Table III. 

The recoveries fall within the experimental error of the method 
and within the accuracy demanded in rapid clinical use. For 
bloods extremely low in iron content a standard within range of 
the sample should be used in place of the usual standard. This 
avoids colorimeter errors and errors in color depths of the ferric 
thiocyanate which are somewhat dependent on the concentration 
of iron (6). 


SUMMARY 


A method for the determination of iron in micro samples of 
blood has been given. Check results are easilv obtainable with 
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the method which is more, rapid and direct than the existing 
macromethods. Hemoglobin calculated from the iron checks 
within experimental error with the per cent hemoglobin as deter- 
mined by the Newcomer method. Recoveries of added iron, 
although not 100 per cent, are within experimental error of color- 
imetry and well within the accuracy demanded of a clinical 


method. 


~ won ~ 
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A METHOD FOR THE QUANTITATIVE ESTIMATION OF 
GLUCURONIC ACID AND CONJUGATED 
GLUCURONIDES 


By G. B. MAUGHAN,* KENNETH A. EVELYN,f ann J. 8. L. BROWNE 


(From the Department of Medicine, McGill University Clinic, Royal Victoria 
Hospital, Montreal, Canada) 


(Received for publication, August 2, 1938) 


The study of the metabolism and excretion of glucuronic acid 
has assumed added importance in recent years because of the 
discovery that the sex hormones are excreted in the urine of the 
human as glucuronide complexes. Cohen and Marrian (1), by 
the isolation and identification of estriol glucuronide in human 
pregnancy urine, have shown that estrin is excreted, at least in 
part, as a complex of glucuronic acid. Venning and Browne (2) 
have shown that the sodium pregnanediol glucuronidate found in 
urine of women is an excretion product of progesterone. Peterson 
and his coworkers (3) have isolated a physiologically inactive 
form of androgenic substance from human urine which is probably 
a complex of glucuronic acid. 

The methods at present used for the quantitative estimation of 
glucuronic acid are all prolonged and tedious procedures. None 
of them is completely accurate. The methods most widely used 
in recent years are modifications of the one described by Quick (4) 
for menthol glucuronic acid. Since, in this procedure, the glucu- 
ronide is extracted from urine by ether, and since the sex hormone 
glucuronides at least are not soluble in ether, the inaccuracy of 
the method for the estimation of the total glucuronide content of 
urine is self-evident. 

In 1908 Tollens (5) described a method for the qualitative 


*Hiram N. Vineberg Fellow in Obstetrics and Gynecology, McGill 
University. 
t Aided by a grant from The Banting Research Foundation, Toronto, 
Canada. 
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detection of glucuronic acid. This method is based on the forma- 
tion of a blue-violet compound by the reaction of the glucuronide 
with naphthoresorcinol on being heated with hydrochloric acid. 
The following year Tollens (6) modified this method in an attempt 
to make it quantitative. Mandel and Neuberg (7) challenged 
the specificity of Tollens’ test, finding many other compounds 
which would give a blue-violet color. None of these, however, 
occurs in urine in sufficient quantity to invalidate the specificity 
of the test when carried out under our conditions. In our ex- 
perience mucic acid is the only compound, other than glucuronic 
acid, which gives the typical color, and this occurs only when high 
concentrations are used. 

It was thought that by making use of the increased sensitivity 
afforded by the use of the photoelectric colorimeter (8) the 
Tollens test could be made quantitative. It was found, however, 
that the technique for the development of the colored compound 
had to be changed in several important details. 

It was observed that naphthoresorcinol in absolute alcoholic 
solution gave relatively poor color development and that decreas- 
ing the concentration of alcohol increased the amount of color 
developed. For this reason an aqueous solution of naph- 
thoresorcinol has been used. The reagent is prepared by weigh- 
ing out the naphthoresorcinol (Eastman) into a flask and adding 
enough distilled water to make a 0.2 per cent solution. The 
flask is stoppered, kept at a temperature of about 38° for 24 hours, 
and shaken at intervals. The solution is then filtered and kept 
in the dark in a refrigerator at 3-5°. The reagent will keep for 
about a month, but should be tested from time to time against a 
standard solution of glucuronide. During this time the amount 
of color produced from a given amount of glucuronide remains 
constant within the limits of reproducibility of the method 
(+2 per cent). There is, however, a progressive increase in the 
amount of color developed in the blank tube, and the reagent 
should be discarded when the galvanometer reading after removal 
of the blank tube is greater than 80. By means of this change 
in technique, the sensitivity of the Tollens test has been increased 
from 50 to 100 times. Urines containing normal amounts of 
glucuronic acid must be diluted from 10 to 20 times to give read- 
ings within the range of accuracy of the colorimeter because 
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solutions containing more than 40 micrograms of glucuronic acid 
per cc. give galvanometer readings too low for accurate estimation. 

For constant results the ether used for extraction must be 
of good quality (we have used Merck’s Reagent), washed im- 
mediately before use with a 1 per cent solution of ferrous sulfate to 
remove peroxides which destroy the color, and then washed once 
with distilled water and dried with a few crystals of sodium sulfate 
in the bottom of the flask. 


Method 


In a colorimeter test-tube' are mixed 2 cc. of the solution of 
glucuronic acid or glucuronide to be tested, 2 cc. of the 0.2 per 
cent naphthoresorcinol solution, and 2 ec. of concentrated hydro- 
chloric acid. The tube is heated in a boiling water bath for 
exactly 30 minutes and is then placed in an ice bath for 5 to 10 
minutes. 2 cc. of 94 per cent ethyl alcohol and 15 cc. of the 
washed ether are added to the tube. (It has been found that the 
addition of the alcohol facilitates the extraction of the colored 
compound by the ether.) The tube is corked immediately after 
the addition of the ether (the use of a rubber stopper is inadvis- 
able), shaken vigorously end to end for 20 to 30 seconds, and the 
mixture is allowed to separate into layers. For the colorimetric 
reading a filter transmitting light in the region of 565 my is used 
(see Fig. 1). In order to make the reading on the supernatant 
fluid without transferring the volatile liquid to a second tube, the 
standard tube holder of the instrument is replaced by one which 
allows the light beam to pass through the solution at the appro- 
priate level! The galvanometer is adjusted to 100 with a tube 
prepared and carried through the steps of the procedure in exactly 
the same fashion as described above, except that 2 cc. of distilled 
water are used instead of the glucuronic acid solution; then a 
reading is made on the sample tube. From this reading the 
amount of glucuronic acid in the original 2 ec. aliquot of diluted 
urine can be calculated from the formula, C = (2 — log G)/ 
K X 100, where C is micrograms of glucuronic acid, G is the 
galvanometer reading, and K is a constant whose value is ap- 


1 The colorimeter, filters, tubes, and special tube holder may be ob- 
tained from the Rubicon Company, 29 North Sixth Street, Philadelphia. 
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proximately 0.75 as determined by a series of 200 readings on 
standard solutions of sodium pregnanediol glucuronidate. How- 
ever, to guard against changes in chromogenic power with the 
aging of the naphthoresorcinol solution the value of K should 
be checked occasionally by preparing with each lot of unknowns 
a standard tube containing 2 cc. of a glucuronic acid standard 





100; 




















400 500 600 700 

Fic. 1. Spectrophotometric curves of purple and brown colors and of the 
filters used in their determination. Abscissa, wave-length in my; ordinate, 
percentage of light transmission; Curve 1, brown contaminant present in 
urine; Curve 2, purple color developed from pure glucuronic acid; Curve 3, 
mixed purple and brown developed from normal urine; Curve 4, Filter 565; 
Curve 5, Filter 440. The curves of the various colors are merely approx- 
imations for illustrative purposes only, and are not presented as accurate 
spectrophotometric data. 


solution (we have used sodium pregnanediol glucuronidate for 
this purpose) containing 20 micrograms per cc. (C = 40 micro- 


grams). 
DISCUSSION 


In the course of color development from urine a brown color 
develops which, in the vicinity of 565 my where optimum light 
absorption for the blue-violet color occurs, causes little inter- 
ference (see Fig. 1). In a series of 50 different urines this source 
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Tasie | 
Recovery of Glucuronide Added to Urine 














fagnent ded ae ae Amount recovered | Per cent error 
micrograms micrograms micrograms 
0 | | 598 | 
36.2 634.2 630 —0.66 
72.4 670.4 670 —0.06 
181 779 788 +1.15 
362 960 | 956 | —0.42 
1400 MILLIGRAMS OF 


GLUCURONIC ACID 


1200 PER 24 HOURS 


1000 


600 





I 


200 3 GRAMS 


ACETYL SALICYLIC ACID 


2 3 4 5 6 7 8 
DAYS 


Fic, 2. The excretion of glucuronic acid in mg. per 24 hours over several 
consecutive days in the urine of two normal individuals. At the point 
indicated by the arrow 3 gm. of acetylsalicylic acid were given orally. 
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of error was found to be fairly constant at about 20 to 40 mg. of 
glucuronic acid per 24 hour specimen. In the average urine this 
represents only about 6 per cent of the total glucuronic acid con- 
tent. For most purposes an error of this magnitude may be 
neglected, but if greater accuracy is required a correction can be 
made by making a second measurement on each sample with a 
filter (No. 440) which is more sensitive to the brown compound 
and less sensitive to the purple. The principle of this method has 
been described elsewhere (9). 

The glucuronic acid of added sodium pregnanediol glucuronidate 
can be recovered accurately from urine as illustrated in Table I. 
The glucuronic acid content of estriol glucuronide can also be 
determined by this method. Sample values for glucuronic acid 
excretion over 24 hour periods in the urine of two normal individ- 
uals are shown in Fig. 2. 

It is readily seen that the daily excretion varies considerably. 
The feeding of 3 gm. of acetylsalicylic acid is seen to cause a 
prompt marked increase in the amount of glucuronic acid excreted. 


SUMMARY 


1. A simple and accurate photoelectric method for the quantita- 
tive estimation of glucuronic acid in human urine is described. 


The authors wish to acknowledge the valuable technical assist- 
ance of Mrs. E. V. Harkness and the helpful suggestions of Dr. 
O. F. Denstedt of the Department of Biochemistry. 
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STUDIES ON THE RELATIVE EFFICIENCY OF VITAMIN D 
FROM SEVERAL SOURCES 


I, INFLUENCE OF VITAMIN D OF DIFFERENT ORIGINS ON BONE 
ASH AND BODY WEIGHT OF THE CHICKEN 


By JOHN T. CORRELL anp E. C. WISE 
(From the Research Laboratories, The Upjohn Company, Kalamazoo) 


(Received for publication, August 26, 1938) 


Within the last few years the dual assay for vitamin D, with 
both rats and chickens, has become a popular method for dis- 
tinguishing between the several forms of the antirachitic vitamin 
as they are found in numerous fish liver oils and other sources. 
The ash content of either the femur or the tibia of the chicken has 
been used as the basis of interpreting the responses obtained. 

By the use of this technique Massengale and Nussmeier (1) and 
other workers were able to demonstrate that the vitamin D of 
irradiated ergosterol and that of cod liver oil were two separate 
entities. 

Further information on the vitamin D problem was contributed 
by Waddell (2), who reported that upon the rat unit basis the 
vitamin D of irradiated cholesterol was more effective for the 
chick, as measured by the bone ash procedure, than the vitamin 
D of irradiated ergosterol. Furthermore, the irradiated cho- 
lesterol compared favorably in that respect with the vitamin D 
of cod liver oil. This demonstration was an incentive for the 
study of cholesterol as a precursor of vitamin D. The interest 
in this relationship culminated in 1936 in the isolation by Windaus, 
Schenck, and von Werder (3) of an antirachitic substance, vitamin 
Ds, as the crystalline dinitrobenzoate and allophanate, from the 
irradiation product of 7-dehydrocholesterol. In the same year 
Brockmann (4) reported the isolation, as the crystalline dinitro- 
benzoate, of the same substance from tuna liver oil, and Grab (5) 
reported a similarity in the antirachitic efficacy, for the chick, of 
vitamin D; from the two sources. 
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These results were followed in 1937 by the isolation by Brock- 
mann (6) of vitamin Ds; from halibut liver oil. This was the only 
antirachitic substance the presence of which was detected in this 
oil. Also, Brockmann and Busse (7), working with liver oil of the 
blue-fin tuna from Japanese waters, concluded that the vitamin 
D of that species is identical with the antirachitic vitamin of the 
tuna and halibut liver oils previously reported. 

In the meantime additional information had accumulated 
relative to the comparative physiological response of the rat and 
the chick to vitamin D from various sources. Rygh (8) reported 
in 1935 that the vitamin D of seventeen species of fish was equally 
effective for the chicken, and Dols (9) found that the vitamin D of 
tuna liver oil was as effective as that of cod liver oil upon the rat 
unit basis. 

Thus, although it was recognized that the vitamin D of fish 
liver oils varied considerably in concentration, in general it was 
thought to consist only of one substance until Bills, Massengale, 
and Imboden (10) reported that the vitamin D of blue-fin tuna 
liver oil is only about one-sixth as active as the antirachitic factor 
of cod liver oil when measured on chickens. Also, Haman and 
Steenbock (11) and Black and Sassaman (12) indicated the 
inefficiency of tuna liver oil as compared with cod liver oil under 
similar conditions. 

This confusion has been admirably explained by Bills, Massen- 
} gale, Imboden, and Hall (13). They point out in an extensive 
I study of fish liver oils that tuna oils vary, according to species, 
from those which are about equal to those which are only about 
. one-sixth as effective as cod liver oil, rat unit for rat unit, as 
hi demonstrated by the bone ash content of chickens. Evidence of 
K this nature indicates that the vitamin D of fish liver oils may con- 
rf sist of more than one antirachitic substance. 

The present studies were undertaken to determine the relative 
efficiency of several different fish liver oils as compared with cod 

liver oil by means of the rat-chicken technique. We were anxious 
also to ascertain whether other criteria besides chicken bone ash 
might further establish the differences or similarities in the physio- 
logical response of the various forms of vitamin D. 

It is the purpose of this paper to report briefly our findings on 
approximately 150 chicken assays, the results of which confirm 
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the conclusions of Bills and others (13) concerning tuna liver oil. 
Also, we submit data on groups of chicks which have been raised 
on vitamin D supplements of varying origin for a considerably 
longer period of time than is necessary for the ordinary chicken 
assay. These latter investigations demonstrate the growth- 
promoting effect of vitamin D and the differences in growth 
response of the chicken to vitamin D from several sources. 


EXPERIMENTAL 


All oils were first assayed in our own laboratories for vitamin D 
with the rat by the standard v.s.p. XI method. For the most 
part our samples of fish liver oils were taken from relatively large 
lots and are representative of the oils of commerce and, therefore, 
do not represent oils from strictly selected species. 

For the chicken tests, single comb white Leghorn chicks with a 
uniform nutritional background were used in the prophylactic 
type of experiment. The birds were started on assay when 1 
day old and the bone ash experiments terminated on the 21st day. 
The growth investigations were prolonged for 8 weeks. In both 
studies the chicks were weighed and freshly supplemented diets 
mixed each week. In all cases the basal diet employed was that 
of Hart, Kline, and Keenan (14), modified to contain 57 parts 
of maize and 2 parts of dried yeast. 

The oils to be assayed were incorporated into the basal ration 
in quantities calculated to furnish definite dosages of vitamin D 
in each 100 gm. of diet. When necessary, maize oil was added 
to the vitamin-bearing adjuvant to bring the total oil supplement 
of the feed to 1 per cent. The negative control diets were sup- 
plemented with 1 per cent of maize oil. 

Data which we have accumulated from a large number of 
chicken assays indicate that the bone ash response to a fixed dose 
of vitamin D from cod liver oil varies from one time to the next, 
even under the most uniform conditions. Thus the establish- 
ment of a master response curve for vitamin D from cod liver oil, 
to which the results obtained on feeding vitamin D from other 
sources could be referred, seemed impractical for this prophylactic 
chick technique. The most satisfactory method appeared to be 
the feeding of two or three parallel groups of chicks graded doses 
of a reference cod liver oil, and the use of these data as a standard 
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of comparison. One group received no vitamin D and served as 
a negative control. Griem (15) has arrived at similar conclusions 
as to the use of the prophylactic chick test for vitamin D. 

Twelve to fifteen chicks were started in each group; the sex was 
fortuitous. Ash determinations were made on pooled left tibia, 
alcohol- and ether-extracted and moisture-free, from ten indi- 


viduals. 





TABLE I 


Average Bone Ash from Groups of Ten Chickens, Supplemented with Different 
Sources of Vitamin D 



































Vitamin D Tibia ash from groups fed 
per 100 A ee ee in enka - “ 
ration Cod liver | Tuna Liver | Tuna Liver | Tuna Liver | Albacore | Irradiated 
oil Oil 1 Oil 2 Oi 3 liver oil ergosterol 
ae. per cent per cent per cent per cent per cent per cent 
0 34.1 
6 39.7 37.2 38.5 
12 42.7 38.0 38.8 
i 24 45.5 41.8 38.7 42.3 
50 46.1 46.8 
! 0 34.2* 
9 37.8* 38.8T 38.9T 36.0 
18 44.4* 39.7T 39.8T 39.7 
27 46.7* 43.4T 43.3t 43.4 
) 0 34.7 
; 18 46.5 41.1 43.7 35.0 
: ‘ 50 47.2 45.2 36.0 
i 80 46.8 47.6 
100 39.5 
j * Average of three consecutive assays. 
t Average of two consecutive assays. 
} Results 
P Table I indicates the relative ineffectiveness of several different 
tuna liver oils as compared with cod liver oil in the calcification 


of bone. In general, they all appear to be from 40 to 60 per cent 
f as efficient, at the levels fed, as was cod liver oil. Irradiated 
; ergosterol fed at a 100 unit level gave an ash response equivalent 
; to that which would be produced by about 10 international units 
; of vitamin D from cod liver oil. These data substantiate the 
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reports in the literature which indicate the comparative ineffi- 
ciency of some tuna liver oils and of irradiated ergosterol. 


Gms 





(623) 


38) 


2:3) 


(190) 


487) 
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Fic. 1. The figures represent average growth curves for groups of chick- 
ens receiving the same basal ration plus the following supplements per 100 
gm. of diet. A, Curve 1, 371.v. of vitamin D from cod liver oil, 1201.v. of 
vitamin A; Curve 2, 37 1.v. of vitamin D from cod liver oil, 652 1.v. of vita- 
min A; Curve 3, 101.v. of vitamin D from cod liver oil, 1201.v. of vitamin A; 
Curve 4, 0 unit of vitamin D and 652 1.v. of vitamin A; Curve 5, 0 unit of 
vitamin D and 1201.v. of vitamin A. B, Curve 1, 371.v. of vitamin Dfrom 
cod liver oil; Curve 2, 37 1.v. of vitamin D from Tuna Liver Oil 1; Curve 3, 
100 1.v. of vitamin D from irradiated ergosterol; Curve 4, 10 1.v. of vitamin 
D from cod liver oil; Curve 5, 10 1.v.of vitamin D from Tuna Liver Oil 2; 
Curve 6, 10 1.v. of vitamin D from Tuna Liver Oil 1; Curve 7, 0 unit of 
vitamin D. The figures in parentheses denote the final average weights of 
the groups. 


In order to compare, in a different manner, these oils with cod 
liver oil as sources of vitamin D, it was decided to feed similar 
groups of chickens over a longer period of time and see whether 
the oils would have any pronounced effect on body weight. 

Hart and coworkers (16) early indicated that sunlight had a 
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growth-stimulating effect on chickens; since that time numerous 
publications have mentioned the growth-promoting influence of 
vitamin D. However, few data are available on the quantitative 
relationships of vitamin D to growth of chicks. For this reason 
a preliminary experiment was conducted as follows. 

Chicks were fed the same basal diet as in the previous experi- 
ments. This ration seemed to be adequate in all known vitamins 
with the possible exception of vitamin A. Three groups of 
chickens were started on this feed supplemented with 0, 10, and 
37 international units respectively of vitamin D per 100 gm. of 
diet from cod liver oil. These diets were adjusted so that all of 
the groups received 120 1. v. of vitamin A per 100 gm. of ration 
in excess of that inherent in the basal mixture. Two additional 
groups were started on supplement levels of 0 and 37 1. vu. of 
vitamin D, but these diets were adjusted to contain 652 1. vu. of 
vitamin A per 100 gm. above that in the basal ration. 

The results of this experiment are shown by the growth curves, 
A, Fig. 1. It can be seen from these curves that vitamin D, 
in the presence of all other known vitamins, exerts a definite 
influence on the body weight of the chick. Since those groups 
which received the larger quantity of vitamin A showed the same 
growth responses as the birds on the lower level, it seemed ap- 
parent that the basal ration required little or no extra vitamin A 
for satisfactory growth. 

A similar series of investigations next was conducted in which 
vitamin D from several sources was incorporated in the basal 
ration. The sources and levels fed are recorded in the legend to 
Fig. 1; the growth curves in B show the results obtained. 
The data from this experiment indicate that rat unit for rat unit 
the several sources of vitamin D tested are considerably less 
effective in the promotion of growth with the chicken than is 
cod liver oil. 

SUMMARY 


1. Several commercial samples of tuna liver oil have begn shown 
to be only 40 to 60 per cent as effective as cod liver oil, rat unit 
for rat unit, as measured by the bone ash of chickens. 

2. These same sources of vitamin D also have been demon- 
strated to be much less efficient than the vitamin D from cod liver 
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oil in the promotion of growth in the chick during the first few 
months of life. 

3. It is indicated that vitamin D has a definite influence on 
the body weight of the chick when supplemented in a diet ade- 
quate in all other known vitamins. 
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STUDIES ON THE RELATIVE EFFICIENCY OF VITAMIN D 
FROM SEVERAL SOURCES 


Il, INFLUENCE OF VITAMIN D OF DIFFERENT ORIGINS ON THE 
SERUM PHOSPHATASE OF THE CHICKEN 


By JOHN T. CORRELL anp E. C. WISE 
(From the Research Laboratories, The Upjohn Company, Kalamazoo) 


(Received for publication, August 26, 1938) 


In Paper I of this series, Correll and Wise (1) have reviewed 
some of the literature pertaining to investigations of vitamin D 
by the dual rat-chick assay technique. They also submit data 
which indicate that the antirachitic substances from various 
sources exert different degrees of influence on the growth of the 
chick as measured by body weight as well as on bone calcification. 

Clinical investigations by Bodansky and Jaffe (2), Barnes and 
Carpenter (3), and others indicate that the phosphatase concen- 
tration of the serum is directly related to the presence or absence 
of vitamin D. In cases of active rickets the phosphatase con- 
centration is markedly increased, while in the presence of an 
adequate dosage of vitamin D the enzyme showed a normal low 
value. 

In the light of these results it appeared of interest to determine 
how the several antirachitic materials, which have been demon- 
strated to exert varying degrees of influence on ossification and 
growth in the chick, might compare in their influence on the 
mineral metabolism of the chick as measured by the phosphatase 
content of the serum. 

Very few data have been published concerning phosphatase 
values in chicken serum. Common (4), using Bodansky’s method, 
reports serum phosphatase concentrations in chickens at different 
stages of the reproductive cycle. Auchinachie and Emslie (5) 
have also published results of investigations on the phosphatase 
activity in the adult fowl. Recently, Peterson and Parrish (6) 
have reported their findings in studies on the phosphatase con- 
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centration in the plasma and whole blood of cockerels at 5 and 16 
months of age and in hens during the cycle of one egg. 

In all of these experiments, however, the birds were fed “normal” 
diets and no particular consideration was given to the type or 
quantity of vitamin D consumed. In general, the chickens re- 
ceived more than an adequate amount of vitamin D from cod 
liver oil; hence the phosphatase values which have been reported 
undoubtedly represent ‘“‘normal” values for birds of that age. 
Inspection of these papers reveals that the average phosphatase 
values for the mature bird are high when compared to published 
values for adult humans. Usually the phosphatase is reported 
as over 20 Bodansky units per 100 cc. of serum or plasma for the 
adult chicken as compared to 2 to 4 Bodansky units in the blood 
serum of a healthy mature human. As recorded in the following 
data, we too found this greater concentration of phosphatase to 
be the rule in the normal chicken. 

It is the purpose of this paper to report our results on a series 
of investigations comparing the effect of various levels of vitamin 
D from several sources on the serum phosphatase concentration 
in the chick. 


EXPERIMENTAL 


The assay of oils, supplementing of a basal diet, and organiza- 
tion of chicks into suitable groups were all carried out as described 
in Paper I (1). 

The method employed for serum phosphatase determinations 
was that of Bodansky (7), as was also the calculation and defini- 
tion of a unit. It was our experience that the sodium §-glycero- 
phosphate substrate would undergo an appreciable hydrolysis on 
standing even a short time, resulting in considerable color in the 
reagent blank. For this reason the buffered substrate was made 
up fresh for each day’s determinations. 

Blood samples were obtained from the chicks by cardiac punc- 
ture. About 3 cc. were taken from four or five individuals in an 
assay group to make a pooled sample of blood which was con- 
sidered to be representative of the group. The blood was allowed 
to clot and serum obtained after centrifugation. Inorganic 
phosphorus and phosphatase determinations were completed on 
the day the blood samples were drawn. 
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To check our technique, analyses were made from time to 
time on serum from healthy adult subjects. The phosphatase 
values on these individuals were always found to be around 2.6 
units per 100 cc. of serum. These figures are in good agreement 
with Bodansky’s (7) published data of 1.5 to 4.0 units of serum 
phosphatase for normal adults. 


Results 


Serum phosphatase concentrations were first determined on 
four groups of chicks that had been fed varying levels of vitamin 
D for a period of 21 days. Previous to this the phosphatase had 
been run on a pooled sample of blood from several of these chicks 
when they were being started on assay at the age of 2 days. At 


Taste I 


Serum Phosphatase Concentrations in Chicks 21 Days of Age Fed Varying 
Levels of Vitamin D from Several Sources 








Phosphatase per 100 cc. serum 





Group No.| Vitamin D supplement per 100 gm. diet §_ : 
| Male | Female | Average 
international units units | units unite 
143 0 | 141.8 | 138.1 | 140 
144 9. Cod liver oil |} 80.1 110.1 | 95.1 
146 a Slee 43.5 40.7 | 42.1 
150 9. Tuna Liver Oil 1 | 130.8 126.5 | 128.7 








this time they showed 81 units of phosphatase per 100 cc. of 
serum. The blood of a normal 3 month-old cockerel was also 
investigated at this time and found to have 30 units of phosphatase 
per 100 cc. of serum. 

To determine whether sex would influence the results of the 
phosphatase experiments these blood samples were divided into 
pooled samples from males and females for each group. 

The data in Table I indicate that varying levels of vitamin D 
cause a pronounced difference in the concentration of serum phos- 
phatase and, by comparison of Groups 144 and 150, the tuna liver 
oil appeared to be less effective than the cod liver oil in reducing 
the serum phosphatase. However, the level of 9 international 
units used as a basis of comparison was unsatisfactory, as 9 I. v. 
of vitamin D per 100 gm. of ration, even from cod liver oil, are 
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known to be inadequate for protection as measured by bone ash. 
Thus the enzyme concentration increased slightly in Group 144 
from the original value of 81 units; it rose considerably higher in 
Groups 143 and 150 which had received less efficient antirachitic 
supplements. Group 146 had been given sufficient vitamin D 
from an efficient source and showed a decrease in serum phos- 
phatase from 81 to 42 units per 100 cc. of serum. 

There appeared to be no variation consistently favoring either 
sex, and from these data it seemed reasonable to use pooled blood 
samples from future groups, each sex being evenly represented 
in every sample. 

Serum phosphatase values were determined on several groups 
of chickens 21 days of age that had been fed a ration supplemented 





V TaBLe II 


: Serum Phosphatase Concentrations in Chicks 21 Days of Age Fed Same Level 
of Vitamin D from Several Sources 

















h Que tie | Vitamin D. cnpolement, a 1.U. per Phosphatase per 100 

f | Sa | units 

fi 153 | No supplement 231.8 

: 156 Cod liver oil 46.8 

; 159 Tuna Liver Oil 2 81.4 

| 162 se me =" 2 71.2 

t with an adequate amount of vitamin D from cod liver oil as 
demonstrated by previously reported bone ash data, and on other 


groups that had been receiving an equal quantity of vitamin D 
from tuna liver oils. The results of this work are presented in 
Table II. 

Data in Table II indicate that the cod liver oil was more efficient 
in reducing serum phosphatase concentration of the chick 21 days 
of age than was the same level of vitamin D from the tuna liver 
oils employed. 

Since serum phosphatase concentration has been shown to 
decrease as the organism matures under the influence of a “‘normal’’ 
diet, it appeared of interest to determine what effect vitamin D 
{ from the above sources would have on chicken phosphatase when 
/ the birds were reared on such diets for several months. 
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Table III includes the data accumulated from the phosphatase 
analysis of birds reared on several sources of the antirachitic 
vitamin over a period of 13 weeks. In Groups 8 and 12, at the 8th 
week the tuna liver oil again appears less efficient than cod liver 


Taste III 


Serum Phosphatase Concentration in Chicks 8 to 13 Weeks of Age Fed Vilamin 
D from Several Sources 





| Group 6 | Group 8* aw 12° lf Cecup 15° 





Vitamin D per 100 gm. diet, Ist to 8th wk. 
371.v., Tuna Liver | 100 1.v., irradiated 
Oil 1 ergosterol 





0 371.v., cod 
liver oil 





Phosphatase per 100 cc. serum at 8th wk. 








units | units | units unils 


45.3 100.7 | 187.1 


ad 1 Bide I B- | a | B 











Vitamin D per 100 gm. diet, 9th to 13th wk. 





























a7 2.9., A 37 1.v., o72.9../ Rei: 87 2.9.. 
0 ¢ una una > irradiated | ,° 
tiver | Bier | Liser | User | ergosterol | yer 
Phosphatase per 100 cc. of orem sr 
units units | units units units | units units 
9 wks. 196.9 33.0) 34.4) 84.7 51.7| 175.9 | 104.2 
Be 188.7 29.3) 43.7) 72.7 37.7| 173.0 | 45.3 
he 178.9 41.0} 59.1) 119.4 36.8 190.4 71.3 
157.0 29.0) 66.5) 90.0 29.7) 185.3 | 47.9 
_* Sample | 22.9) 64.5) 93.3 | 25.7) 193.1 | 26.1 
lost 
Approximate No real |—22.4/+19.2) No real |—75 | No real |—161 
change since change change} change} 
8th wk. 








* Groups 8, 12, and 15 were divided into two groups each, 5 birds per 
group, at the 8th week. 


oil in its influence on calcium and phosphorus metabolism as 
measured by the phosphatase concentration of the serum. Ir- 
radiated ergosterol (Group 15) was even less effective. To check 
this further, several of the groups of chickens were divided. Half 
of those supplemented with cod liver oil were continued on this 
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supplement; the other half were changed over to a tuna liver oil 
adjuvant. Likewise, the tuna liver oil and irradiated ergosterol 
groups were divided so that half of them continued on the original 
diet, the other half receiving an adequate dosage of vitamin D 
from cod liver oil. 

As will be seen by referring to Table III, those birds which were 
fed cod liver oil showed declining serum phosphatase concentra- 
tions to normal ranges, even in the groups that had had high 
values from receiving an inefficient diet for the first 8 weeks 
(Groups 8A, 12B, and 15B). Chicks changed at the 8th week 
from cod liver oil to an equal dosage of vitamin D from tuna liver 


TaBLe IV 


Influence of Vitamin D from Several Sources on Serum Phosphatase Concen- 
trations in Growing Chick 








Vitamin D per 100 gm. diet 


600 1.U., 




















rv. | 3720. | 18120., 37 1.0., 
0 cod liver | cod liver Tuna Tuna Tuna 

| oil oil | Liver Oil 1 | Liver Oil 1 | Liver Oil 1 

Phosphatase per 100 cc. serum 

units unils unils units units | unite 
Istday | 71.3 71.3 71.3 71.3 71.3 71.3 
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oil demonstrated a marked increase of serum phosphatase over the 
low value obtained from the previous cod liver oil supplement 
(Group 8B). When the birds were reared the entire 13 weeks on 
tuna liver oil or irradiated ergosterol supplements, high serum 
phosphatase concentrations resulted (Groups 12A and 15A). 

In our most recent investigation we have attempted to deter- 
mine how many units of vitamin D from tuna liver oil are required 
by the chick to give phosphatase responses equivalent to those 
obtained from an adequate dosage of vitamin D from cod liver 
oil. The results of this work are recorded in Table IV. 

The data in Table IV seem to indicate that at about 18 1. v. of 
vitamin D from cod liver oil the minimum effective level as 
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measured by phosphatase concentration is reached. It has been 
our experience that this is the level of cod liver oil which also 
yields a “normal” bone ash. When tuna liver oil was used at a 
level of 60 1. v. per 100 gm. of ration, the phosphatase values ob- 
tained indicated such a level to be adequate. A level of around 
50 1. u. from this source might prove sufficient. 

The data accumulated in these investigations indicate that the 
tuna liver oils employed were approximately 30 to 40 per cent as 
effective in reducing the phosphatase concentration as was the 
vitamin D from cod liver oil; irradiated ergosterol was even less 
efficient at the levels administered. These results are in agree- 
ment with conclusions derived from comparative bone ash deter- 
minations and add additional support to the prevailing theory 
that the antirachitic vitamin exists in several different forms. 
There remains the possibility that such materials as cod liver oil 
may contain some factor in addition to the vitamin D entity which 
adds to its antirachitic effectiveness. In any case serum phos- 
phatase determinations on the chick offer another reasonably 
sensitive and convenient method for measuring differences in 
physiological activity between the increasing number of sub- 
stances said to possess antirachitic activity. 


SUMMARY 


1. The phosphatase concentration of the 2 day-old chick has 
been shown to be around 80 Bodansky units per 100 cc. of serum. 

2. Under the influence of an adequate amount of vitamin D 
the high serum phosphatase concentrations of the growing chick 
decrease, approaching a normal level of 20 units per 100 cc. of 
serum for adult birds. 

3. In the absence of vitamin D in the diet the phosphatase 
concentration has been shown to rise to values of over 200 units 
for highly rachitic chicks. 

4. The antirachitic vitamin from several sources has been 
demonstrated to exert varying degrees of influence on the serum 
phosphatase values in chicken serum. Cod liver oil was more 
efficient than irradiated ergosterol and the tuna liver oils em- 
ployed in reducing the phosphatase activity in the serum of the 
growing chick. 

5. It is suggested that serum phosphatase determinations on 
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chicks after the administration of various forms of vitamin D 
offer another method for measuring differences and similarities 
among the numerous antirachitic substances. 
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A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF INULIN IN BLOOD PLASMA AND URINE 
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Hospital, Istanbul, Turkey) 
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Of all substances used in the determination of glomerular filtra- 
tion, inulin is one of the most important. Hendrix, Westfall, 
and Richards (1) consider it to be the most suitable for the calcula- 
tion of the filtration rate, because it is the substance with the 
greatest molecular weight known so far which is completely filtered 
through glomerular membrane (Westfall and Landis (2), Bunim, 
Smith, and Smith (3)). Inulin combines the ideal properties 
required in a substance used for the calculation of glomerular 
filtration (Jolliffe, Shannon, and Smith (4)). It is probable that 
inulin, an inert substance which mixes with the blood and body 
fluid without penetrating into the cells (Van Slyke, Hiller, and 
Miller (5)), will also become important in certain other physiolog- 
ical studies. For these reasons it is desirable to have a sensitive 
and exact quantitative test for the estimation of inulin. 

So far inulin has been estimated by the difference of reduction 
before and after hydrolysis of blood plasma filtrate. Fasting 
blood, however, gives also a difference of reduction before and 
after hydrolysis. This fasting value must be subtracted from the 
results obtained. According to Van Slyke, Hiller, and Miller (6) 
this difference in dogs is always under 5 mg. per cent, calculated 
as glucose. In man, however, this difference in blood filtrate can 
attain considerably higher values. With the technique of Van 
Slyke and his collaborators (6),' values between 3 and 25 mg. per 


1 The following remark should be made on the technique of these authors, 
who propose to accomplish precipitation with Cd(OH),. In experiments 
in which inulin was added to plasma the precipitation was made either with 
Zn(OH); or with Cd(OH),. In four cases the filtrates of the Zn(OH), pre- 
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cent were found, which agree with the values reported by Pavy (9), 
Frank and Bretschneider (10), Stasiak (11), and Everett and Shep- 
pard (12). Such high blank values can form a disproportionately 
great part of the inulin value. This disproportion makes the 
estimation of small quantities of inulin with reduction methods 
rather uncertain. Therefore only values above 50 mg. per cent 
are described and evaluated. 

For experiments in man, however, the use of larger quantities 
of inulin is very troublesome because of its intravenous adminis- 
tration. For these reasons another principle, still allowing the 
estimation of 5 mg. per cent of inulin, has been tried. This pro- 
cedure depends on the colorimetric determination of levulose 
formed from inulin during acid hydrolysis according to Roe’s 
quantitative method, based on the Seliwanoff reaction (13). The 
10 n hydrochloric acid used in the reaction hydrolyzes the inulin 
so rapidly that the full levulose color develops during the short 
reaction time, and so the period of hydrolysis is reduced from 2 
hours to a few minutes. A green filter is used for the colorimetric 
or photometric comparison. 


Reagents and Procedure 


All reagents are made according to Roe’s prescriptions (13). 
For plasma determinations, however, the following dilutions of the 
standard solution of levulose are required: 0.5, 1, 2, and 3 mg. 
per cent in saturated benzoic acid. For the estimation of urine 
dilutions of 5, 10, 20, and 30 mg. per cent in 1 per cent acetic acid 
with 1 per cent sublimate are prepared. These dilutions remain 
stable for some weeks. 

Both for plasma and urine the technique of Roe is used. 
Before the inulin is injected the blank values of the fasting plasma 
and urine are determined. 2 cc. of the standard dilutions are 
treated in the same manner. Read the unknown against the 
standard which most closely matches it. A green filter of 510 my 
is used. 





cipitation gave evidently higher inulin values. Similar objections against 
the Cd(OH), precipitation of Fujita and Iwatake (7) are also made by 


Rappaport (8). 
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DISCUSSION 


The conditions of Roe’s method have been reexamined. 

1. The maximum of the absorption is to be found at 510 mu 
(examined with a Leitz photometer). 

2. The Beer-Lambert law is applicable only in narrow ranges 
of concentration. If the concentration rises, the depth of color 
increases less than the concentration. 


Levulose Extinction 
mg. per cent coefficient 
10 0.92 
20 1.64 
50 3.45 
100 5.38 


Because of these obvious deviations from the Beer-Lambert law 
it is necessary to use several of the standard dilutions, e.g. 0.5, 1, 
2, and 3 mg. per cent, for plasma determinations, and to compare 
the unknown with the dilution that most closely matches it. 

3. The depth of the color depends, as Roe has shown, on the 
quantity of alcohol, on the concentration of the hydrochloric acid, 
and on the temperature of the water bath and time the tubes 
remain in the bath. As it is impossible to maintain these condi- 
tions with sufficient accuracy, one cannot make a comparison 
curve, because exactly the same color is not obtainable in repeated 
tests. It is necessary to treat all the standards at the same time 
and in the same manner as the unknown. 

4. In the first tests heating was continued for 2 hours with 
1 cc. of N hydrochloric acid at 80°. Later in order to simplify the 
procedure, we tried to find out whether the 10 nN hydrochloric 
acid completed the hydrolysis during the 8 minutes reaction time. 
To each test-tube were added 2 cc. of inulin-containing plasma 
filtrate and 1 ec. of Nn HCl; the tubes were placed in the water 
bath and heated for 10, 20, 30, up to 120 minutes. All the tubes 
gave exactly the same color. High inulin concentrations with and 
without previous heating also gave the same result, which indicates 
that the 10 n hydrochloric acid at 80° hydrolyzes inulin, even in 
high concentrations, so quickly that the full development of 
levulose color is assured after a reaction time of 8 minutes. 
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5. Inulin gives the same depth of colar in the same concentra- 
tions as levulose. 


Inulin Levulose 
mg. per cent extinction extinction 
coefficient coefficient 

10 0.92 0.92 

50 3.45 3.45 

100 5.38 5.38 


Duplicate determinations nearly always give identical results, 
even in low concentrations, if the same conditions are maintained. 

6. It had to be proved whether in urine analyses the treatment 
with charcoal in the acetic acid medium removes a part of the 
inulin. For this purpose two series of tests were made. In one 
of them the sample was first treated with charcoal and then hydro- 
lyzed with 1 cc. of N HCI; in the second the hydrolysis was made 
first, followed by the charcoal treatment. Both series led to 
identical results, showing that primary carbon treatment does 
not precipitate any inulin. 

7. The fasting value in the plasma with normal blood sugar 
level corresponds to 1 to 2 mg. per cent of levulose; in urine the 
fasting value varies from 10 to 20 mg. per cent. 

These facts confirm the accuracy of Roe’s method for the deter- 
mination of inulin in plasma and urine. Experiments in which 
inulin was added to plasma or urine gave an error of +4 per cent 
compared with the levulose standard. It must be remarked, 
however, that results in duplicate determinations are always 
identical, so that we may suppose that the error has not been 
caused by the color reaction, but by some other factors; e.g., by 
the water content of the inulin sample or by inaccuracy of the 
dilution, etc. With this colorimetric method determinations of 
inulin may easily be made even in low concentrations. For the 
determination of the glomerular filtration it is sufficient to give 
a man of 70 kilos 10 gm. of inulin in order to obtain plasma values 
of 20 to 40 mg. per cent after 1 hour. 


SUMMARY 


The present methods for the determination of inulin in plasma 
and urine are criticized. 

A simple colorimetric method based on Roe’s levulose deter- 
mination is proposed to measure the levulose formed by hydrolysis 
of inulin. Low inulin concentrations may be exactly determined. 
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It is shown that the time of hydrolysis may be shortened con- 
siderably, as the inulin is rapidly hydrolyzed. 
The conditions of the color reaction are discussed. 
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AMOUNTS OF SODIUM PREGNANEDIOL GLUCU- 
RONIDATE IN URINE 
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In 1937 (1) a method for the gravimetric determination of so- 
dium pregnanediol glucuronidate was described by the author. 
Since then over 2000 determinations have been carried out on 
urine of pregnancy and urine of the menstrual cycle and consider- 
able experience has been acquired during this time. On account 
of the wide interest shown in the method and its application to 
various problems, particularly to disorders of the menstrual cycle, 
it has been thought advisable to report further improvements in 
the technique and also to discuss in detail the difficulties encoun- 
tered. 

Although pure crystalline precipitates of sodium pregnanediol 
glucuronidate can be obtained consistently from pregnancy urine, 
this is not always the case when small amounts are extracted from 
urines of the menstrual cycle and certain reservations must be 
made when applying this method to the latter. The reason for 
this is that when large volumes of urine have to be extracted in 
order to obtain a measurable amount of sodium pregnanediol 
glucuronidate greater amounts of impurities are carried through 
to the end and are not diluted out as in the case of pregnancy 
urine. These impurities are not proportional to the amount of 
urine extracted but vary with different specimens. In about 60 
per cent of the analyses they are negligible, 0.2 to 0.5 mg.; in the 
remainder, however, they may vary anywhere from | to 10 mg. 
As this residue often appears to be similar to the sodium pregnane- 
diol glucuronidate precipitate, care must be taken not to mistake 
it for this compound. For this reason it is felt that in the case of 


595 











_ 596 Sodium Pregnanediol Glucuronidate 


urines that contain less than 5 mg. of sodium pregnanediol glu- 
curonidate per liter this method should be used as a qualitative 
test rather than as an accurate gravimetric method. 

Collection of Urine and Use of Preservatives-—Certain precautions 
must be taken in the collection of the urine itself. Complete 24 
hour specimens are collected in large bottles containing a preserv- 
ative. If the extraction with butyl alcohol is not being carried 
out immediately, the urine should be kept in a refrigerator, as it 
has been found that hydrolysis of the sodium pregnanediol 
glucuronidate to free pregnanediol occurs in urine at room tem- 
perature even in the presence of a preservative, thus causing a loss 
in the final value. The efficiency of preservatives such as tricre- 
sol, toluene, chloroform, and NaCN in preventing hydrolysis 
has been investigated. If the urines are kept chilled at 4-7°, no 
hydrolysis occurs even up to a period of 11 days. However, at 
higher temperatures (18-34°) a splitting of the compound occurs 
even in the presence of these preservatives. Tricresol (6 drops 
per 24 hour volume) appears to have a better preserving power 
than either toluene (3 cc.) or chloroform (3 cc.). 0.5 per cent 
of NaCN will prevent the enzymic hydrolysis of the compound at 
20° for a period of at least 4 days; however, on further standing 
hydrolysis does occur to some extent. At temperatures ranging 
between 26~-34°, 0.5 per cent of NaCN fails to prevent hydrolysis. 
Lower concentrations of cyanide in the urine give proportionately 
lower recoveries for the same temperature. 

Amount of Urine Extracted—The amount of urine taken for the 
analysis plays an important réle in the purity of the final precip- 
itate and it has been found that in pregnancy urine the recoveries 
are most satisfactory when the volume analyzed contains between 
10 and 15 mg. of sodium pregnanediol glucuronidate (i.e., 6 to 9 
mg. calculated as pregnanediol). The excretion of pregnanediol 
during pregnancy has been reported by Browne, Henry, and Ven- 
ning (2). In Fig. 1 are charted the variations occurring in the 
daily excretion of pregnanediol throughout pregnancy (values 
taken from eight cases of normal pregnancy). The necessary 
amount of pregnancy urine to be extracted can be approximated 
from this chart. It is dependent upon the total 24 hour volume 
as well as the duration of pregnancy. In urine of the menstrual 
cycle it is necessary to extract the full 24 hour specimen and in 
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those cases in which only a few mg. of the compound are being 
excreted, a 48 hour specimen should be used. In order to obtain 
good recoveries the sample of urine should contain at least 4 to 5 
mg. of sodium pregnanediol glucuronidate. The amounts of 
pregnanediol excreted in the menstrual cycle have been already 
reported in detail by Venning and Browne (3) and by Wilson, 
Randall, and Osterberg (4). 
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Fic, 1. Urinary excretion of pregnanediol in normal pregnancy (eight 
cases). 


The urine should not be acidified, as this tends to facilitate the 
extraction of a gummy material which is very difficult to remove 
and interferes with the subsequent precipitation of the sodium 
pregnanediol glucuronidate. 

Extraction of Urine with Butyl Alcohol—Care must be taken to 
prevent the formation of an emulsion when the urine is extracted 
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with butyl aleohol. The mixture should not be shaken vigorously 
but only gently mixed with a rotary motion, each extraction re- 
quiring approximately 1 minute of shaking. Four extractions 
in all are made. In spite of precautions some urines do form an 
emulsion, particularly those obtained from cases of toxemia of 
pregnancy, and in order to separate the butyl! alcohol, the mixture 
must be centrifuged. The formation of an emulsion tends to cause 
a loss of the pregnanediol compound, unless the urine separating 
out from the centrifuging of the emulsion is extracted again with 
butyl alcohol. 

The butyl alcohol should be clear before it is evaporated to 
dryness. If there is a residue at the bottom, the clear buty] al- 
cohol is poured off and the residue is extracted with fresh butyl 
alcohol. This is added to the first fraction. The combined butyl 
alcohol is then taken to dryness under reduced pressure. When a 
vacuum pump is used and the evaporation flask is kept in a 
boiling water bath the butyl alcohol distils over rapidly. The 
temperature of the boiling butyl alcohol under these conditions 
remains between 40-49°. The residue in the flask is then dis- 
solved in 60 cc. of 0.1 N NaOH. 

Second Extraction with Butyl Alcohol—This alkaline solution is 
extracted four times with butyl alcohol. The combined fractions 
of butyl alcohol are allowed to stand until clear, as some residue 
usually settles out. The clear butyl alcohol is poured back into 
the separatory funnel and the residue is washed twice with small 
amounts of butyl alcohol which are added to the funnel. If the 
combined butyl alcohol is washed once with 3 cc. of 0.1 N NaOH, 
before the two washings with water (5 cc.), an increased amount of 
coloring matter is removed. After each washing the mixture is 
allowed to stand for complete separation of the two layers. The 
butyl alcohol is again evaporated to dryness under reduced pres- 
sure. 

Precipitation with Acetone—The first precipitation is carried out 
as follows: Exactly 5 cc. of water are added to the flask with 
about 10 cc. of acetone. The contents are dissolved in this mix- 
ture and are transferred to a 125 cc. Erlenmeyer flask. The final 
volume of the mixture is made up to 100 ce. with acetone and it is 
allowed to stand overnight. A precipitate settles out. Most of 
the supernatant fluid can be drawn off by suction and the re- 
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mainder is centrifuged. After centrifugation the acetone is 
poured off without disturbing the precipitate, leaving the residue 
in the tube. 

A second precipitation with acetone must always be made. At 
this stage a modification in the procedure has been introduced 
which helps further to eliminate impurities which have been car- 
ried through to this point. The amount of water to be added for 
the second precipitation is dependent upon the weight of the pre- 
cipitate. This can easily be approximated. If it is 10 mg. or 
more, use 5 cc. of water, if between 5 and 10 mg., use 3 cc. of 
water, and if less than 5 mg., use 2 cc. of water. The required 
amount of water is measured into the Erlenmeyer flask and an 
equal volume of acetone is added. The mixture is warmed to 
dissolve the precipitate which adheres to the surface of the flask. 
The solution is then transferred to the centrifuge tube and the 
remaining precipitate is dissolved by heating. This mixture is 
cooled and is filtered back into the Erlenmeyer flask with suction. 
On cooling, a considerable amount of impurities comes out of 
solution but the small amount of Na pregnanediol glucuronidate 
present remains in solution. Filtering the mixture at this stage 
is of particular value in the case of urines from the menstrual cycle. 
However, when the first precipitate is relatively pure, as in the case 
of pregnancy urine, it may be omitted. Acetone is then added to 
the filtrate to bring the volume up to 100 cc. and it is allowed to 
stand overnight in the refrigerator. After standing, the super- 
natant fluid is again drawn off and the remainder is centrifuged. 
If the precipitate does not settle down compactly but remains 
in suspension, the remaining fluid should be filtered. The pre- 
cipitate is dissolved in hot ethyl alcohol. Occasionally a small 
amount of water has to be added to insure complete solution. 
The hot alcohol is filtered into a weighed beaker, evaporated to 
dryness on a water bath, and the contents weighed. A melting 
point is taken. 

Identification of Precipitate—The final precipitates obtained 
from pregnancy urines are usually quite pure and crystalline, 
but those derived from urines of the menstrual cycle cannot be 
accepted as representing pure sodium pregnanediol glucuronidate, 
owing to the fact that large volumes of urine have to be extracted 
in order to obtain measurable amounts of the compound. These 
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precipitates always contain varying amounts of impurities and 
for this reason a melting point must always be taken. If the 
melting point is between 271-—260°, the amount of impurities prob- 
ably varies between 0 and 10 per cent; if below 260°, the impurities 
are accordingly increased. The melting point of the precipitate 
must be taken into account before the results can be interpreted. 

Usually if the precipitate does not melt or decompose when 
heated to 280°, it has been regarded as not containing any sodium 
pregnanediol glucuronidate. However, recently a precipitate 
weighing 7.4 mg. was obtained from 2 liters of urine which failed 
to melt at 280°. The precipitates from 6 days excretion were 
combined (total 23.4 mg.) and were purified by recrystallization 
from acetone and water and alcohol. A crystalline material 
weighing 7 mg. was obtained which melted at 268° with evolution 
of gas. The impurities in this mixture were equal to about 70 
per cent and were great enough to obscure the presence of the 
compound, unless repurification had been carried out. 

With the present technique the weight of the final residue in 
negative urines (1000 to 1500 cc.) in the majority of cases varies 
from 0.2 to 1 mg. However, occasionally certain negative urines 
do give residues greater than this. In one extreme case residues 
weighing 44 mg. and 20 mg. were obtained in two 48 hour periods. 
The melting points were 80° and 110° respectively. No evolution 
of gas was noticed. When the residues were dissolved in 0.1 N 
NaOH, reextracted with butyl alcohol, and precipitated with 
acetone, no precipitate was obtained. 

Recovery of Small Amounts of Sodium Pregnanediol Glucuronidate 
—The recovery of 1, 2,3, and 5 mg. of sodium pregnanediol 
glucuronidate in 1 liter of urine was measured, 2 cc. of water being 
used for the second precipitation. (The results are shown in 
Table I.) It was impossible to detect a total amount of 1 mg. 
of sodium pregnanediol glucuronidate at any time. The recovery 
of 2 mg. was variable. In some urines this amount could not be 
detected, in others 40 to 60 per cent was recovered. 3 mg. could 
always be detected, the recovery ranging from 50 to 67 per cent; 
when 5 mg. were added, the recovery was 70 to 75 per cent. 
Therefore in order to detect small amounts of the compound in 
urine from the menstrual cycle, particularly in abnormal cases in 
which the amounts are usually low, sufficient urine must be ex- 
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tracted so that the total content of the sodium pregnanediol 
glucuronidate in the sample is at least 4 to 5 mg. It may be 
necessary to unite several days specimens in order to obtain this 
amount. As the recovery of these small amounts varies somewhat 
with different urines, the results can only be approximated. 


TaBLe | 


Recovery of Small Amounts of Sodium Pregnanediol Glucuronidate 
from Urine 


SoGem, , | 1 
regnanedio ra : : mpurities 
slucuronidate | Weight of ppt. | Melting point (calculated) Recovery 
a 
mg. mg. 2. per cent per cent 
0 0.8 110 100 
] 0.8 110 100 0 
2 2.0 220 40 60 
3 2.8 245 29 67 
5 4.5 252 18 74 


TABLE II 


Recovery of Sodium Pregnanediol Glucuronidate from Urine 








Recovery 
Weight of ppt. - ————__— -_— eres 
jaune 3 cc. water 5 cc. water 
mg. per cent | per cent per cent 
2 0-60 
3- 4 50-67 
5- 8 70-75 79 
11-12 85 78 
13-15 81 
16-18 83 
19-25 85 


Calculation—The variation in the percentage recovery depend- 
ing upon the amount of compound originally present and the 
volume of water used in the second precipitate is shown in Table IT. 
The calculated amount of sodium pregnanediol glucuronidate is 
multiplied by the factor 0.597 to convert it into terms of pregnane- 
diol, the results being expressed in mg. of pregnanediol excreted 
per 24 hours. 
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SUMMARY 


The difficulties encountered in the estimation of small amounts 
of sodium pregnanediol glucuronidate in urine are discussed and 
improvements in the technique are described. 


The author wishes to express her appreciation for the technical 
assistance rendered by Mr. V. Kazmin. 
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In ultrafiltration the maximum concentration change which 
can be produced between the mother liquor and the ultrafiltrate 
can be calculated from the pressure of ultrafiltration and the com- 
position of the mother liquor (4). A comparison of the concen- 
trations of diffusible substances in blood plasma and cerebrospinal 
fluid indicates that capillary blood pressure does not suffice to 
account for the concentration differences between these two fluids 
and that secretory work, therefore, is necessary for the formation 
of cerebrospinal fluid (3). Previous investigations (2) show that 
the chorioid plexus is the predominant source of the fluid. Con- 
sequently the chorioid plexus must supply the secretory energy 
necessary for the formation of cerebrospinal fluid. 

The studies reported here have been directed towards elucidat- 
ing the source of this energy in the plexus and the mechanism for 
transforming this energy into secretory work. Similar studies 
have been previously reported (7) for the secretory mechanism 
of the ciliary body of the eye. In the ciliary body, investigations 
were made of the oxidation-reduction potentials of epithelium and 
stroma, of the distribution of indophenol oxidase, and of the 
barrier between epithelium and stroma. These observations led 
to the postulation of an electric current between stroma and epi- 
thelium. Similar experiments and conclusions are reported here 
for the chorioid plexus. 


* This investigation was supported in part by a grant from the John and 
Mary R. Markle Foundation. 
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Material and Methods 


Fetal pigs from the last third of the gestation period, obtained 
as previously described (6), were used as a source of material. 
As has been demonstrated (5), distribution ratios in these fetuses 
have the same characteristics as the adult. Plexuses kept in 
Ringer’s solution (see Section 7) remain viable for from 2 to 3 
hours. Where buffers were used, they were isotonic and contained 
KCl, CaCh, MgCh, and KH,PO, in the same concentrations as 
in Ringer’s solution. 

In this report methods of study will be only briefly indicated 
under the appropriate headings. These methods have been de- 
scribed in detail by Friedenwald and Stiehler (7). The technique 
referred to below as “supravital” is as follows: The intact 
chorioid plexus was removed from the ventricle and laid flat upon 
a glass slide in the bathing fluid. Such a preparation presented a 
free, thin edge easily observed microscopically. This free edge 
was then stained to an appropriate intensity with minute quan- 
tities of a chosen dye solution (7). 


EXPERIMENTAL 


The experimental observations deal with three anatomical 
elements of the chorioid plexus, namely epithelium, stroma, and 
the barrier between epithelium and stroma (Fig. 1). Since this 
barrier cannot be seen microscopically, except as a refractile line, 
we have not called it a basement membrane but refer to it as the 
stromal-epithelial barrier. 

The different types of experiments performed are recorded sep- 
arately below. They deal with the distribution of indophenol 
oxidase between the epithelium and stroma of the plexus, the 
difference of potential between these two tissues, the passage of 
dyes across the stromal-epithelial barrier, and the physicochem- 
ical characteristics of this barrier. 

1. Distribution of Indophenol Oxidase in Chorioid Plerus—The 
presence of indophenol oxidase was tested for with dimethyl 
p-phenylenediamine and a-napthol (7). After treatment with 
these reagents the epithelium of the plexus was intensely stained 
with indophenol blue; the stroma contained no indophenol blue. 

2. Oxidation-Reduction Potentials of Chorioid Plexus—The 
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potentials of epithelium and stroma were determined by introdue- 
ing oxidation-reduction indicators intravascularly or supravitally. 
In all instances care was taken to use a minimum of the indicator. 
Solutions, 0.01 mM, were used intravascularly; 0.001 m solutions, 
supravitally. With all dyes except the safranines, the potentials 
were approached from both the reduced and oxidized states of 
the indicator and were equivalent. The degree of reduction was 
estimated by the increase in color produced by addition of ferri- 
cyanide. This was necessary to rule out irreversible changes of 
the indicator in the tissue (1). With appropriate indicators the 
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Fig. 1. Illustration of behavior of dyes introduced into chorioid plexus 
The shaded areas indicate the presence of dye. A represents basic dyes in 
air; B, acid dyes in air; C, neutral dyes in air, or acid, basic, or neutral 
dyes when plexus is asphyxiated. S-E barrier represents the stromal- 
epithelial barrier. 


error in the measured potential is thought to be within +0.015 
volt. 

The results of these measurements are shown in Table I. As 
can be seen from Table I the potential of the epithelium in air at 
pH 7.4 was +0.100 volt, while the potential of the stroma was 
—0.130 volt, giving a difference of 0.230 volt. Under Nz both 
epithelium and stroma had the same potential, —0.290 volt. In 
the presence of 0.001 mM cyanide and air epithelium and stroma each 
had a potential of —0.200 volt. 

3. Penetration of Dyes Through Stromal-Epithelial Barrier 
To study the passage of dyes from stroma to epithelium, dye was 
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introduced into the stroma by intravascular injection. To study 
the passage of dyes from epithelium to stroma, the supravital 
technique was used. In those experiments dealing with asphyxia, 
the tissue was placed either in 0.001 m cyanide solution or in an 
atmosphere of Ne. In the case of the investigation of the passage 
of basic dyes from stroma to epithelium under cyanide anoxia, 
the lateral ventricles were irrigated with the cyanide solution just 


Taste | 
Oxidation-Reduction Potentials of Chorioid Plerus 


0 represents no reduction, + one-third reduced, ++ one-half to two- 
thirds reduced, +++ three-fourths to nine-tenths reduced, ++++ 
over nine-tenths reduced. 


Reduction of indicator under 


Indicator at oa Aerobiosis Anaerobiosis 
Stroma —_— Stroma — 
volt 
Toluylene blue +0.101 ++4+4 44 44444444 
Lauth’s violet +0.050 ++++4+ 0 t+4+4+)++4++ 
Methylene blue —0.002 ++++ 0 toot) -tos 
Indigotrisulfonate —0.099 +44 0 fe he of 
Indigodisulfonate —(0.143 +. 0 ++++4++4++4+444 
Cresyl violet —0.175* 0 0 4th hl. 
Dimethyl! phenosafranine —().275 0 0 a Se 
Safranine T —().298 0 0 + + 
Cresy! violet —0.175* +++ +++ (With cyanide 
anoxia) 


* This potential is in doubt since the cresyl violet sold by the National 
Aniline and Chemical Company, Inc., is probably different chemically from 
the cresyl violet measured by Rapkine, Struyk, and Wurmser (9). 


prior to and during the period of injection. Care was taken to 
assure no staining of the epithelium by leakage of dye from the 
wound into the ventricle. 

As is to be noted in Table II basic dyes (dyes which are cations 
in solution) in air did not pass from epithelium to stroma. When 
these dyes were introduced into the stroma in low concentrations, 
they accumulated practically completely in the epithelium. Both 
of these procedures resulted in a picture shown diagrammatically 
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in Fig. 1, A. Acid dyes (dyes which are anions in solution), in 
air, passed rapidly from epithelium to stroma and with time the 
epithelium cleared (Table II). When introduced into the stroma, 
only a trace of the acid dye could be seen in the epithelium. These 
two last procedures gave a picture shown diagrammatically in 
Fig. 1, B. The only neutral dye (dyes which are uncharged or a 
zwitter ion in solution), rhodamine B, which was used passed 
rapidly from stroma to epithelium or vice versa and was found in 
equal concentrations throughout the plexus. The typical ap- 


Taste II 
Penetration of Dyes Through the Stromal-Epithelial Barrier of Chorioid 
Plexus at Physiologic pH 
0 represents no penetration, + slow diffusion, ++ rapid diffusion, 
++++ accumulation beyond diffusion. 


Penetration n~ - aM 
wit 
normally asphyxia 

Dye Chemical type Tonic type | B¢ E 4 | E 
| j ~ 
35 | Stroma | 3 e | 33 
| 2@5 to 3 § | 44 
S* epithelium ; = = 
‘Es | @3 | &6 

w a | @ 


0 |++++] + | + 
0 |++++] ++] +4 


Pg, aa 
Triphenylmethane| Basic 
Malachite green. . ” 


Crystal violet 


o 


Cresy] violet 'Oxazine | o 0 +444] + /] 4 

Eosin..... ‘Fluoran | Acid ++)| Trace | ++) +4 
ae | =e a i++“ |} ++!) +4 
Rose bengal...... « oy 1++) “ | ++! 44 
Brom-phenol blue.. Sulfonephthalein os | ++ * tht) 42 





Rhodamine B.. ...|Fluoran | Neutral ++! + +4 ++) +4 








pearance of the plexus with this dye is shown diagrammatically 
in Fig. 1, C. The dyes listed in Table II were used because they 
met the following requirements. They were not reduced by the 
plexus in air; they were not chemically altered by the plexus; and 
they were capable of passing through the stromal-epithelial 
barrier under appropriate conditions. 

With cyanide or N: asphyxia, acid, basic, and neutral dyes gave 
pictures essentially like rhodamine B in air (Table II and Fig. 
1,C). This neutral dye behaved under asphyxia as it did in air. 
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Acid dyes passed rapidly from epithelium to stroma both in air 
and under asphyxia. The significant experiments with acid dyes 
under asphyxia involved their passage from stroma to epithelium. 
In these experiments the stroma was filled with dye by intravas- 
cular injection; the plexus was then removed and placed under the 
microscope for observation. When asphyxiated by cyanide or 
No, a flash of color was seen in the epithelium. Dye did not ac- 
cumulate in the epithelium but was leached by the bathing fluid. 
The concentration of dye in the stroma progressively decreased 
until the color of stroma and epithelium became of equal intensity. 
In the case of basic dyes if the stroma were filled while the plexus 
was irrigated with cyanide solution, the dye slowly diffused into 
the epithelium until the color intensity of stroma and epithelium 
was alike. In these instances the dye passed much more slowly 
than in air and did not accumulate in the epithelium. In another 
series of experiments, the epithelium was filled in air with basic 
dyes by the supravital technique. When these preparations were 
asphyxiated by cyanide or N:, dye passed into the stroma and 
reached a concentration equal to that of the epithelium within 5 
minutes. One of the most vivid experiments to show the differ- 
ence in behavior of basic dyes in air and under asphyxia was per- 
formed with malachite green and Ne. In air this dye accumulated 
in the epithelium. Under N, the dye was quickly distributed in 
equal concentration between stroma and epithelium. On read- 
mission of air the dye again accumulated in the epithelium. This 
phenomenon could be repeated. 

In all the above experiments the barrier to passage of dye was 
at the interface between epithelium and stroma. This may be 
taken as evidence that the stromal-epithelial barrier is different 
from the membrane at the free epithelial edge. This is also sub- 
stantiated by the experiments on the effect of pH (Section 5). 
The experiments on oxidation and reduction (Section 6) demon- 
strated that this stromal-epithelial barrier is a material entity. 

4. Effect of pH on Indophenol Oxidase and O, Consumption of 
Chorioid Plexus—The indophenol oxidase reaction was studied in 
plexuses bathed with various pyridine-pyridine acetate buffers. 
Since the reagents for the reactions are unaffected in these buffers, 
the activity of the oxidase could be judged by the intensity of in- 
dophenol blue present in the epithelium after 1 hour. As is shown 
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in Table III, the activity of the enzyme was slightly reduced at 
pH 6.9, was feeble at pH 6.2, and was practically zero at pH 5.7. 

O2 consumption was measured in the Warburg apparatus. The 
O, uptake of plexus was measured in Ringer’s solution and then 
isotonic acetic acid-acetate buffer added to change the pH. The 
pH of the fluid was determined at the end of an experiment with 
the glass electrode. As is to be seen in Table III, the change in 


Taswe III 
Variation of Indophenol Oxidase Activity and O; Consumption with pH 
+++-4+ represents intense activity. 





PE. noses : | 70 [617 / 655!) 690 | 8.32 Ripers 
Oxidase reaction | Trace | + |44+/4+44/4+444/4+4+44 
O; consumption, c.mm. per mg. | 
dry weight per hr....... ays | 1-2 | 13 
Taste IV 


Determination of Isoelectric Point of Stromal-Epithelial Barrier. Effect of 
pH on Peneiration of Dyestuffs 


0 represents no penetration, + penetration. 





Epithelium to stroma Stroma to epithelium 
pH ee 4 . 
Acid dyes | Basic dyes Acid dyes Basic dyes 
5.5 Trace + Trace + 
5.72 | “ | onclin sale 
5.73 + + 
eo Se Oe 
5.77 + | 0 
5.8 


+ 0 + 0 





O: consumption with pH paralleled the change in indophenol 
oxidase activity. 

5. Effect of pH on Stromal-Epithelial Barrier; Determination of 
Its Isoelectric Point—These experiments were performed in largest 
part with the supravital technique with various acetic acid- 
acetate buffers. A smaller series of experiments involved intra- 
vascular injections of the dye while the ventricle was irrigated with 
the buffer. The pH values recorded in Table IV are those of the 

















610 Secretion in Chorioid Plexus 


bathing fluid as measured by the glass electrode. The justifica- 
tion for assuming that the plexus has the same pH as the bathing 
fluid has been given elsewhere (7). 

As is noted in Section 3 there was little or no difference in pas- 
sage of acid and basic dyes through the stromal-epithelial barrier 
at physiological pH under conditions of asphyxia. With decrease 
in pH, however, the barrier restricted the passage of acid dyes 
little or not at all, whereas it restricted the passage of basic dyes 
completely or almost so. This selective permeability, as shown 
in Table IV, was observed to pH 5.77. From pH 5.76 to 5.73 
both acid and basic dyes passed the barrier equally well. Below 
pH 5.72 basic dyes penetrated the barrier, whereas acid dyes were 
completely or almost completely restricted. As also shown in 
Table IV, the same type of restriction by the barrier was noted 
when the dye was introduced into the stroma, ruling out the pos- 
sibility that these observations on the effect of pH refer to sub- 
stances other than the barrier. 

6. Effect of Oxidation on the Stromal-Epithelial Barrier; Deter- 
mination of E'y of Its Oxidation-Reduction System—The effect of 
oxidation on the barrier was studied by the change it produced in 
the charge (shift of isoelectric point) on the barrier. Most of the 
experiments were performed with the supravital technique as 
follows: Three pieces of tissue were used in each experiment. One 
as a control was immersed in buffer alone; to the second and third 
buffer plus oxidant was added; after 5 minutes buffer plus oxidant 
on the second was replaced by buffer alone and on the third, by 
buffer plus reducing agent. After another 5 minutes the reducing 
agent was replaced by buffer alone. The tissue was then stained 
as usual with the supravital technique. In a few experiments the 
stroma was filled with dye by intravascular injection under con- 
ditions which left the epithelium unstained (see Section 3 for acid 
dyes and Section 5 for basic dyes). With acid dyes three pieces 
of tissue were treated as just described with the supravital tech- 
nique. With basic dyes only buffer and buffer plus oxidant could 
be used. The dyes of choice were crystal violet (basic) and rose 
bengal (acid). 

The supravital and intravascular experiments gave the same 
results. In Table V at pH 5.85 it may be seen that all oxidants 
used reversed the selective permeability of the barrier to acid and 
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basic dyes and that the normal selective permeability could be 
restored by reduction with hydrosulfite. Table V also shows that 
the isoelectric point of the oxidized barrier was approximately at 
pH 6.5, and that the isoelectric zong covered between 0.57 and 0.73 
pH units. 

The E£, of the reversible oxidation-reduction system of the bar- 
rier at which the charge on the barrier was reversed, as shown 


TaBLe V 
Shift of Isoelectric Point of Stromal-Epithelial Barrier by Oxidation. 
Determination of E'y of Oxidation-Reduction System of 
Stromal-Epithelial Barrier 
+ represents penetration and 0 no penetration through the stromal- 
epithelial barrier. 





Normal Quinhydrone | Ferricyanide| Iodine 


pt | Medecine | perme apr or : 
Acid dyes | Basie dyes | Acid dyes — _ | — = — 

cm. .e@ | + | ee 4 © | #)el+ fete 

5.85t, Hydro- | + 0o;|+!0 + | 0 

sulfite 

6.08 | 0 + 0 0 + 

osTé |} “4 0 + + 

6.72 | 0 | + 0 + + 

6.81 | 0 wa | + 0 

6.62 | 0 0 | + 

6.62 | Hydroquinone, saturated + quin- | + 


hydrone, saturated (E, = 0.215) 
6.62 | Hydroquinone, saturated (EZ, = 0.185)| 0 








* Reducing agent used to reduce barrier after oxidation. 
t Acetic acid-acetate buffer; others pyridine-pyridine acetate. 


in Table V, was determined at pH 6.62. At this pH quinhydrone 
reversed the charge on the barrier. A saturated solution of 
hydroquinone at this pH reduced the barrier sufficiently to restore 
the normal selective permeability; whereas a solution saturated 
with hydroquinone and quinhydrone failed to do so. This placed 
the Z, of the barrier system between +0.185 (minimum measured 
potential of saturated hydroquinone) and +0.215 volt at pH 
6.62. About the same value of Z, was found when mixtures of 
oxidant and reductant of 2,6-dichlorophenol indophenol were used. 
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An equimolecular mixture of oxidant and reductant reversed the 
charge on the barrier. The normal charge was restored by a re- 
duced solution of this indicator containing only a trace of the 
oxidant. Since the ratio of oxidant to reductant of this indo- 
phenol does not remain fixed, the potential values obtained with 
the quinhydrone-hydroquinone system, in which the solid phases 
were present, are more reliable. 

7. Effect of Calcium Ion on Barrier—In a series of experiments 
with the supravital technique it was noted that the stromal-epi- 
thelial barrier was considerably more permeable when placed in 
isotonic NaCl than when placed in Ringer’s solution. In isotonic 
NaCl, crystal violet slowly penetrated from epithelium to stroma, 
whereas this effect was not noted in Ringer’s solution. Under 
asphyxia, in isotonic NaCl, this dye reached a concentration in 
the stroma equal to that in the epithelium in 15 to 30 seconds. In 
Ringer’s solution this result took about 5 minutes. At pH 5.8 the 
barrier normally was impermeable to basic dyes; however, in 
isotonic NaCl basic dyes slowly diffused through it, making diffi- 
cult the determination of the isoelectric point. The normal be- 
havior of the barrier was restored if traces of Ca** were added to 
the isotonic NaCl. Other inorganic ions normally present in 
plasma were without effect and could not be substituted for cal- 
cium. The Ringer’s solution was one used by Gey and Gey (8) for 
tissue culture and had the following composition in gm. per liter: 
NaCl 8.0, KCl 0.37, CaCl, (anhydrous) 0.17, MgCl.-6H:O 0.21, 
NazHPO, 0.18, NaHCO; 0.25. CO, gas was added until all com- 
ponents had dissolved. 


DISCUSSION 


The potentials of +0.100 volt in the epithelium and of —0.130 
volt in the stroma of the chorioid plexus, measured by oxidation- 
reduction indicators in air, must not be considered due to thermo- 
dynamic equilibria. Instead they are steady states determined by 
a balance between the rates of oxidation and reduction. The 
potential levels of these steady states are the same as the oxidation- 
reduction potentials of the naturally occurring mediators (revers- 
ible, electromotively active oxidation-reduction systems). The 
potential (ratio of oxidant to reductant) of the mediator is deter- 
mined by the activities of oxidases and dehydrogenases, O2 pres- 
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sure, and the concentration and nature of the substrates. Thus 
in the presence of indophenol oxidase, the rate of oxidation of the 
mediator is increased, causing an increase in the ratio of oxidant 
to reductant and hence an elevation in the potential level of the 
tissue. The limitation of indophenol oxidase to the epithelium 
can adequately explain the higher potential of the epithelium. 

As is well known, indophenol oxidase (Warburg’s iron catalyst) 
is completely inhibited by cyanide. In this condition the rate of 
oxidation is determined by other oxidases, presumably the natur- 
ally occurring mediators; e.g., Warburg and Christian’s flavo- 
protein. With the inactivation of indophenol oxidase, the rate 
of oxidation is decreased, causing the potential level of the epi- 
thelium to fall to —0.200 volt. The potential of the stroma falls 
slightly, since it can no longer be oxidized by the epithelium 
through the reversible oxidation-reduction system of the stromal- 
epithelial barrier, as noted below. Since the potentials of epithe- 
lium and stroma in cyanide are the same, it follows that the ratios 
of the rates of oxidation due to oxidases not poisoned by cyanide 
and the rate of reduction by dehydrogenases are equal in the two 
tissues. 

A true thermodynamic equilibrium is measured under Ne, when 
the rate of oxidation becomes zero. In N, the potentials of epithe- 
lium and stroma are the same (—0.290 volt). This may result 
either from an identity in the substrate-dehydrogenase systems or 
from an equalization of the two potentials through the oxidation- 
reduction system of the barrier (see below). 

An essential theoretical conclusion which arises from the ex- 
perimental data is that an electric current exists between epi- 
thelium and stroma. The source of the electromotive force for 
this current is the difference in potential levels of these tissues. 
Since the potential level of the stroma is lower than that of the 
epithelium, it will tend to give up electrons to the epithelium 
(Fig. 2). Evidence, to be discussed presently, indicates that these 
electrons can pass from stroma to epithelium by means of a re- 
versible oxidation-reduction system contained in the stromal- 
epithelial barrier. To maintain electroneutrality, cations (basic 
dyes) must move from stroma to epithelium or anions (acid dyes) 
in the reverse direction. The selective transfer in air of basic 
dyes from stroma to epithelium and acid dyes in the reverse direc- 
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tion, found experimentally, is consequently as would be pre- 
dicted from the postulated electric current. 

Under conditions (cyanide, Nz, and acid pH) which cause dis- 
appearance of the potential difference between epithelium and 
stroma, the electric current, as indicated by the transfer of dyes, 
also disappears. 






H#/S 
CAPILLARY 
BARRIER 


Fic. 2. Schematic representation of the electric current between stroma 
and epithelium. Electrons from the stroma, which has a relatively low 
potential, pass to the epithelium by way of the reversible oxidation-reduc- 
tion system of the stromal-epithelial barrier. To maintain electroneutral- 
ity cations must move from stroma to epithelium or anions in the reverse 
direction. 


The results show that the stromal-epithelial barrier contains a 
reversible oxidation-reduction system. The electron transfer 
from stroma to epithelium necessary to complete the electrical 
circuit can occur through this reversible oxidation-reduction sys- 
tem provided this system can be oxidized, at least partially, by 
the epithelium and reduced by the stroma. To demonstrate this 
the potential of the stromal-epithelial barrier (Z,) at some known 
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degree of oxidation (a) of the barrier must be known. This would 
mean that in the equation EZ, = BE’) + (RT/NF)In(a/(1—a)), all 
quantities would be known for calculation of EZ’. The use of 
this equation implies that the oxidation-reduction system in the 
stromal-epithelial barrier can be treated as similar systems in 
aqueous solution and that neither oxidant nor reductant is asso- 
ciated. The validity of these assumptions must remain question- 
able. 

These measurements cannot be made at physiologic pH but can 
be determined with basic dyes in the pH region between the upper 
limits of the isoelectric zones of the reduced and oxidized stromal- 
epithelial barrier (pH 5.77 and 6.81 respectively). These limits 
are hereafter referred to respectively as pl, and pl.. EZ, at a 
particular pH in this region can be determined by noting the po- 
tential necessary to reverse the charge on the barrier. The Z, of 
the stromal-epithelial barrier of the chorioid plexus at pH 6.62 lies 
between +0.185 and +0.215 volt. 

One of the quantities necessary (7) for the calculation of a@ is 
the ratio between the slopes of the pH-titration curves of the re- 
duced and oxidized stromal-epithelial barrier (K,/K.). These 
slopes are proportional to the widths of the isoelectric zones, as is 
evident from the following consideration. A certain charge 
density on the barrier is necessary to prevent the passage of 
oppositely charged ions. It is assumed that this minimal charge 
density which gives the limits of the isoelectric zone is the same 
for any state of oxidation of the barrier. Since the pH-charge 
density curve is directly proportional to the pH-titration curve, 
the ratio of the widths of the isoelectric zones equals the ratio of 
the slopes of the titration curves. In the case of the stromal- 
epithelial barrier of the plexus the isoelectric zone of the reduced 
barrier is between 0.03 and 0.05 pH unit, while that of the oxidized 
barrier is between 0.57 and 0.73 pH unit. The ratio of the slopes 
of the pH-titration curves, therefore, must be between 11 and 25 
(0.57/0.05 and 0.73/0.03). The increase in the width of the iso- 
electric zone noted on oxidation is not unusual, for the dissociation 
constants of oxidants are generally stronger than those of reduc- 
tants. 

The other quantity necessary to calculate a can be determined 
from the difference between pI, and pI, and the chosen pH at 














616 Secretion in Chorioid Plexus 


which E, is determined. This quantity is equal to the ratio 
(pH — pl,)/(pl. — pl,). From the relation 


SS ee. BPC Pen 

pl, — pl, a + (1 — a) (K,/K.) 
derived by Friedenwald and Stiehler (7), a can be calculated. 
For the stromal-epithelial barrier of the plexus at pH 6.62, a lies 
between 0.98 and 0.995. Assuming a 2 electron system the EF’, 
of the barrier at this pH is consequently 0.140 + 0.025 volt. 

To obtain 2", at pH 7.4 it is necessary to know the slope of the 
E’.-pH curve. This information is not available, but it is un- 
likely that it is greater than 0.06. If the assumption be made that 
the slope is 0.03, BE’, at pH 7.4 will be +0.115 volt. The poten- 
tial will be shifted by +0.025 volt if the slope is 0.0 and by — 0.025 
volt if the slope is 0.06. 2’) at pH 7.4 will consequently be 
+0.115 + 0.050 volt. Ifa 1 electron system had been assumed, 
the £’y at pH 7.4 would be +0.030 + 0.085 volt. In any case it 
can be seen that the epithelium will tend to oxidize the stromal- 
epithelial barrier partially and the stroma will tend to reduce it. 
Therefore the reversible oxidation-reduction system of the stromal- 
epithelial barrier can transfer electrons from stroma to epithelium. 


SUMMARY 


1. The potential of the stroma of the chorioid plexus has been 
found to be —0.130 volt; of the epithelium, +0.100 volt. These 
potentials are correlated with the inequality of distribution of 
indophenol oxidase between these two tissues. The potentials of 
epithelium and stroma have been found equal under cyanide 
anoxia and N, asphyxia and are respectively —0.200 volt and 
— 0.290 volt. 

2. Basic dyes are selectively transferred from stroma to epi- 
thelium and acid dyes in the reverse direction. With cyanide, 
N:2, or pH asphyxia this selective transference is abolished. 

3. The barrier, demonstrated between epithelium and stroma, 
is amphoteric with an isoelectric point at pH 5.74. This isoelec- 
tric point may be reversibly shifted to about pH 6.4 by oxidation. 
The potential of the oxidation-reduction system of the barrier at 
pH 7.4 has been estimated to be +0.115 volt. A deficiency of 
calcium ions was found to increase the permeability of this barrier. 
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The data are explained by the hypothesis that the difference 
in potential between epithelium and stroma gives rise to an elec- 
tric current causing cations to move from stroma to epithelium 
and anions in the reverse direction. The electrons for this current 
are carried presumably by the reversible oxidation-reduction 
system of the barrier between stroma and epithelium. The cur- 
rent disappears when the potential difference disappears. 


It is a pleasure to acknowledge our gratitude to the Wm. Schlu- 
derberg-T. J. Kurdle Company for the fetal material. 
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BIOCHEMICAL CHANGES ASSOCIATED WITH THE ON- 
SET OF SECRETION IN THE FETAL CHORIOID 
PLEXUS. AN ORGANIZATION OF OXIDATION- 
REDUCTION PROCESSES* 


By LOUIS B. FLEXNER anno ROBERT D. STIEHLER 


(From the Departments of Anatomy and Ophthalmology, the Johns 
Hopkins University, Baltimore) 


(Received for publication, May 25, 1938) 


It has been shown (1) that at the end of the first third of the 
gestation period of the fetal pig the cerebrospinal fluid changes 
from an ultrafiltrate to a secretion. The present study is chiefly 
concerned with the biochemical changes which occur in the 
chorioid plexus at this transition period, when this organ changes 
from a passive state to an active chemical machine. This inves- 
tigation involves primarily a study of the development in the fetus 
of the secretory mechanism previously described (5) for the func- 
tional chorioid plexus. 


Material and Methods 


Embryo and fetal pigs were obtained under conditions pre- 
viously noted (2). The chorioid plexuses of embryo pigs with 
crown-rump lengths between 2.5 and 4.5 cm., intrauterine age 
30 to 40 days (6), were used for the presecretory stage; for the 
secretory stage, plexuses from fetal pigs with crown-rump lengths 
above 6.0 cm., intrauterine age 43 days, were used. The methods 
used for the determinations of indophenol oxidase and of oxida- 
tion-reduction potentials and for the introduction of dyes into epi- 
thelium or stroma have previously been given (3, 5) together with 
the criteria for the selection of the dyes studied. 

Distribution of Indophenol Oxidase—In the presecretory plexus 
indophenol oxidase was present in equal concentration in epi- 


* This investigation was supported in part by a grant from the John and 
Mary R. Markle Foundation. 
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thelium and stroma. In the secretory plexus this oxidase was 
absent from the stroma and was present in the epithelium in many 
times the concentration found in the presecretory plexus. 
Oxidation-Reduction Potentials—As shown in Table I, in the pre- 
secretory plexus, the potential levels in epithelium and stroma, 
measured by oxidation-reduction indicators, were identical. This 


Tasie I 

Oxidation-Reduction Potentials of Presecretory and Secretory Fetal Chorioid 
Plexus in Air 

0 represents no reduction, + one-third reduced, ++ one-half to two- 

thirds reduced, +++ three-fourths to nine-tenths reduced, +++-+ over 

nine-tenths reduced. 


Reduction of bethintent in 


Indicator ~ at " Presecretory stage q ‘Secretory stage 
































Ba ls ae 
oC |__| ame | Aker | seme | Ae 
| volt | 
Toluylene blue...............|+0.101 |++++ ++++4/+++4+| ++ 
Lauth’s violet.............. 0.050 | wr ++ 4++4++ 0 
Cresyl blue... aii lng +0.034 | | + |++++/ 0 
Methylene blue..............|—0.002 | M4 | 0 ++++| 0 
Indigotrisulfonate........... 0.099; 0 | 0 +++ 0 
Indigodisulfonate........... (—0.143 | > Lena + 0 
Cresyl violet......... +. ..|-0.175%| 0 | 0 0 0 
Under anaerobiosis 
Dimethyl shansentueninn Mn -0. 275 | +++ | +++ be coos 
+? | +? | + | + 


a —0. 298 | 


* This potential is in doubt. since the evenyi violet sold k by the National 
Aniline and Chemical Company, Inc., is probably different chemically from 
the cresyl violet measured by Reskine, Struyk, and Wurmser (4). 


potential was about +0.045 volt at physiologic pH. In the 
secretory plexus, from the last third of the gestation period, the 
potential in the epithelium was +0.100 volt and in the stroma was 
—0.130 volt. In the earliest secretory plexus (crown-rump 
lengths of 6.0 to 8.0 cm.), the potential in the epithelium was about 
+0.060 volt and in the stroma —0.040 volt. With increase in 
age of the plexus, the potentials of epithelium and stroma gradu- 
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ally approached those noted above for the last third of the gesta- 
tion period. Under N; asphyxia (Table I) the potentials of epi- 
thelium and stroma of both presecretory and secretory plexuses 
were practically equal and had the value — 0.290 volt. 

Passage of Dyes Through Stromal-Epithelial Barrier—The pas- 
sage of dyes from epithelium to stroma was studied by the supra- 
vital technique; and from stroma to epithelium by intravascular 
injection (3, 5). As shown in Table II, with the presecretory 
plexus, acid, basic, and neutral dyes passed equally well from 
epithelium to stroma and from stroma to epithelium. In the 


Taste Il 
Passage of Dyes Through Stromal-Epithelial Barrier of Presecretory and 
Secretory Fetal Chorioid Plerus at Physiologic pH 
0 represents no penetration, + slow diffusion, ++ rapid diffusion, 
++4++ accumulation bey ond diffusion. 


Penetration 








| Preseeretory stage Secretory stage 














Dye Ionic type 
Epithe- | Stroma | Epithe- | Stroma 
| lium to to epi- | lium to to epi- 
stroma thelium | stroma thelium 

Crystal violet............... Basic | a | + | 0 i+ divdincls 
Malachite green............ | + | + 6 4444 
Cresyl violet............... oe + | + ia +4+4++4+ 
che sas osybalesss cas Acid | ++ | ++ | ++ | Trace 
Rose bengal............... “ | ++ | ++ +h i 
Brom-phenol blue.......... 5 a (i ae ina a 
Rhodamine B.............. | Ne Neutral | ++ | ++ | ++ | ++ 





secretory stage, acid dyes passed from epithelium to stroma but 
not in the reverse direction, while basic dyes accumulated in the 
epithelium from the stroma but did not pass into the stroma from 
the epithelium. Neutral dyes passed equally well in both direc- 
tions. 

In the presecretory plexus the passage of dyes in either direction 
was not affected by cyanide or N, asphyxia. The secretory plexus 
under asphyxia behaved like the presecretory plexus except as 
follows: Dyes (fast green, methylene blue), which did not pass 
readily from stroma to epithelium in the earliest secretory stage, 
passed into the epithelium in the presecretory stage. This was 
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taken as evidence that the stromal-epithelial barrier of the pre- 
secretory plexus was more permeable than that of the secretory 
plexus. Results of the same kind were obtained in experiments 
to determine the isoelectric point of the stromal-epithelial barrier 
of the presecretory plexus. As has been recorded (5), the iso- 
electric point of the stromal-epithelial barrier of the secretory 
plexus lies at pH 5.74. With the secretory plexus, basic dyes 
penetrated at pH values lower than 5.74 and were restricted at 
higher pH values. The reverse was true for acid dyes. The 
experimental observations with the presecretory plexus were 
difficult, since acid and basic dyes penetrated on both sides of pH 
5.74 and the isoelectric point of the stromal-epithelial barrier 
had to be judged by the effects of pH on the rates of penetration 
of these dyes. In a few favorable experiments, however, the 
behavior of acid and basic dyes indicated that the isoelectric 
point of the stromal-epithelial barrier of the presecretory plexus 
was the same as that of the secretory plexus. 

Passage of Reduced and Oxidized Indicators; Reducing Ability 
of Stroma—Methylene blue and safranine in 0.01 m solutions were 
introduced into the stroma by intravascular injections (3, 5) both 
in the oxidized and reduced states. The reduced indicators were 
prepared with a slight excess of hydrosulfite so as to keep the in- 
dicator reduced in the stroma. When the ventricles were irrigated 
with Ringer’s solution, to avoid possible anoxia, the same results 
were obtained as without irrigation. The observations recorded 
in Table III were made within 5 minutes after injection of the 
indicator; with time, the distribution of dye was the same in the 
young and old secretory plexuses. 

As shown in Table III, leucodimethy! phenosafranine, in both 
the young and old secretory plexus, passed rapidly from stroma to 
epithelium, where it was oxidized. The oxidant of this indicator, 
however, which was not reduced in air by the stroma of even the 
old secretory plexus, passed extremely slowly into the epithelium. 
Leucomethylene blue behaved like the leucosafranine. Methylene 
blue in the young secretory plexus passed very slowly into the 
epithelium, as did safranine, and even more slowly than in the pre- 
secretory plexus. In the old secretory plexus, however, methylene 
blue passed as rapidly into the epithelium as did leucomethylene 
blue. 
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Histological Observations—In the fresh preparation the following 
histological differences were noted between the presecretory and 
secretory plexus: (1) The epithelium of the presecretory stage 
was higher than that of the secretory stage. With crown-rump 
lengths between 3.0 and 4.0 cm. the epithelial height varied be- 
tween 20 and 26 u; between 6.0 and 9.0 cm., the height was from 
10 to 14 uw; above 20.0 cm., the height was from 8 to 12 wu. (2) 
The secretory plexus was more tufted than the presecretory. (3) 
The distance between the stromal-epithelial barrier and the capil- 
laries was greater in the presecretory plexus. (4) The secretory 
plexus was more vascular. 


Taste III 
Effect of Age of Plexus on Passage of Oxidation-Reduction Indicators from 
Stroma to Epithelium 
+ represents slow passage into epithelium with accumulation, ++ 


passage into epithelium without accumulation, ++++ rapid passage into 
epithelium with accumulation. 




















Passage of indicator in fetus, crown- 
rump length 
Indicator . L 5 
3.0-4.0 cm. | 6.0-9.0 em. Shen 
Methylene blue oxidant................ ++ + | +444 
r eee ++ ++++ | +444 
Dimethy! phenosafranine oxidant. ...... ++ + | + 
“_ ws reductant.....| ++ Pees | £444 





Preparations fixed in formol-Zenker’s solution and stained with 
hematoxylin and eosin showed these additional differences be- 
tween the two stages of the plexus: (1) The cytoplasm of the epi- 
thelial cells of the presecretory plexus stained more brilliantly 
with eosin than those of the secretory plexus. (2) The nuclear 
chromatin content of the presecretory epithelium was less than 
that of the secretory stage. No change in mitochondria was 
noted with onset of secretion. 

Growing Tip of Plerus—That part of the plexus which lies in 
the lateral ventricle most distant from the foramen of Monro is 
the actively growing tip of the plexus. In all the respects noted 
above, this growing tip behaved like the presecretory plexus. 
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DISCUSSION 


In a previous paper (5) a secretory mechanism of the chorioid 
plexus, by which energy from oxidation-reduction processes may 
be converted into work, has been described. In brief, this secre- 
tory mechanism is an electric current which causes cations to 
move from stroma to epithelium and anions in the reverse direc- 
tion; the source of £.M.F. for this current is the difference in poten- 
tial of stroma and epithelium; the electrons for this current are 
carried by the reversible oxidation-reduction system of the 
stromal-epithelial barrier. 

The present paper is concerned with the changes in the fetal 
chorioid plexus which occur with the onset of secretion, as judged 
by changes in the distribution ratios of diffusible substances in 
cerebrospinal fluid and blood plasma (1). The onset of secre- 
tion, judged in this way, is accompanied by the establishment of an 
electric current. The evidence for this is as follows: Prior to 
secretion, indophenol oxidase is equally distributed between epi- 
thelium and stroma; the potential levels of epithelium and stroma 
are the same; and there is no favored direction for the transference 
of acid and basic dyes across the stromal-epithelial barrier. With 
onset of secretion, indophenol oxidase is confined entirely to the 
epithelium and is in greater concentration than in the presecretory 
epithelium; a difference in potential develops between epithelium 
and stroma; and basic dyes pass only from stroma to epithelium 
and acid dyes only in the reverse direction. The transference of 
dyes in the secretory plexus under asphyxia is like that in the pre- 
secretory plexus in air. Asphyxia has no effect on the transfer- 
ence of dyes in the presecretory plexus. 

The potential levels in air can be correlated with the distribu- 
tion and concentration of indophenol oxidase, as previously noted 
(5). With the onset of secretion, the potential of the epithelium 
rises slightly and the potential of the stroma falls markedly. As 
the plexus becomes older, the potential of the epithelium continues 
to rise and the potential of the stroma to fall. With the onset of 
secretion the potential difference between epithelium and stroma 
changes from 0 to about 0.100 volt; this potential difference in- 
creases to about 0.230 volt in the old secretory plexus. 

Associated with the potential decrease in the stroma there is an 
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increase in its reducing ability. Indicators such as dimethy] 
phenosafranine, which are not reduced by the stroma in air, pass 
slowly into the epithelium. However, methylene blue which is 
reduced by the stroma in air passes very rapidly into the epi- 
thelium in the old secretory plexus. In the young secretory 
plexus, methylene blue passes slowly into the epithelium, like 
the safranines. Both these indicators pass rapidly into the epi- 
thelium when injected in the reduced state. From this it is in- 
ferred that it is the reduced indicator which passes rapidly into 
the epithelium and that the stroma of the old secretory plexus 
reduces methylene blue much more rapidly than the stroma of the 
young secretory plexus. Since it is reasonable to assume that 
substrates of young and old secretory plexus are in equal concen- 
trations, the increased reducing ability of the old plexus is believed 
to be due to an increase in the concentration or activity of the 
dehydrogenases. Methylene blue and the safranines accumulate 
in the epithelium as do other basic dyes, e.g. crystal violet, but do 
so more slowly presumably owing to their larger molecular volume 
(3). Neutral, reduced indicators pass into the epithelium and 
accumulate as the oxidant, since they are oxidized at the potential 
of the epithelium. In the presecretory plexus, these indicators 
cannot be reduced by the stroma and so pass into the epithelium 
as the oxidants. Their rates of penetration agree with other evi- 
dence already noted that the stromal-epithelial barrier of the pre- 
secretory plexus is more permeable than that of the secretory 
plexus. 


SUMMARY 


The onset of secretory activity in the fetal chorioid plexus is 
associated with the following changes. 

1. In the presecretory plexus indophenol oxidase is in equal 
concentration in epithelium and stroma. In the secretory plexus 
this oxidase is limited to the epithelium and is in greater concen- 
tration. 

2. In the presecretory plexus there is no potential difference 
between epithelium and stroma. With onset of secretion, a poten- 
tial difference of 0.100 volt develops which increases with age to 
0.230 volt. 

3. In the presecretory plexus there is no selective transference 
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of dyes. In the secretory plexus, the chosen basic dyes pass only 
from stroma to epithelium and the chosen acid dyes in the reverse 
direction. 

4. The reducing ability (dehydrogenases) of the stroma in- 
creases with age. 

5. Certain histological differences between the presecretory and 
secretory plexuses have been noted. 

The changes which occur with the onset of secretion are cor- 
related with the theory that the electric current, which develops 
between epithelium and stroma at this time, is associated with 
the secretory process. 


It is a pleasure to acknowledge our gratitude to the Wm. Schlu- 
derberg-T. J. Kurdle Company for the fetal material. 
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SOME OBSERVATIONS ON HYPAPHORINE: RACEMI- 
ZATION OF ITS ESTER AND PROPERTIES OF 
OTHER DERIVATIVES 


By WILLIAM M. CAHILL ann RICHARD W. JACKSON 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, September 29, 1938) 


The procedure of van Romburgh and Barger (1) for the syn- 
thesis of the betaine, hypaphorine, entails the methylation of 
l-tryptophane by boiling for several hours a solution of the amino 
acid in methyl iodide and methanol kept slightly alkaline with 
sodium hydroxide. The resulting betaine methyl ester iodide 
is then subjected to a very brief hydrolysis in hot 1 per cent sodium 
hydroxide, and the betaine liberated as the free base is recovered 
by precipitation with dilute nitric acid. The insoluble salt secured 
may be converted (Barger (2)) to the betaine by treatment 
with a concentrated solution of sodium carbonate. No loss of 
optical activity was presumed to be induced by this method of 
synthesis. 

We discovered, however, in repeating these reactions (3) that 
recrystallized specimens of the methyl] ester iodide obtained in the 
above manner from tryptophane, abrine, or hypaphorine pos- 
sessed divergent specific rotations (4~-9° in methanol). The prep- 
arations were suspected, therefore, of being partially racemized. 
Moreover, the betaines derived from them always exhibited a 
specific rotation less than that of +113.5° for hypaphorine (3), 
and in one instance the product was devoid of optical activity. 
It appeared desirable, therefore, to prepare a methyl ester iodide 
of the betaine of tryptophane of considerably higher optical ac- 
tivity, and then to submit it to the action of alkali as employed in 
each of the two likely racemizing steps of the stated procedure for 
the synthesis of hypaphorine. The preparation of a methyl ester 
iodide with a specific rotation of +48.8° (about 39° in methanol) 
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was accomplished by simply boiling a solution of hypaphorine in 
methanol and methyl! iodide. When this active betaine ester 
was heated with sodium hydroxide either in methanol or in water, 
under conditions prevailing in the synthesis of the tryptophane 
betaine, the product was 90 to 100 per cent racemized. Never- 
theless, the van Romburgh-Barger method does give a limited 
yield of the optically active betaine which may be isolated from 
the mother liquors of the largely racemized betaine ester (3). It 
seems probable that this optically active fraction escapes racemi- 
zation by not undergoing esterification. 

The lability of tryptophane betaine ester to racemization in the 
presence of alkali is analogous to that of alanine betaine ester 
studied by Fischer (4) and further investigated by Biilmann and 
associates (5, 6). These findings are of possible interest with 
regard to the preparation of racemic betaines. The device often 
employed for the racemization of amino acids, viz., heating with 
rather concentrated caustic alkali solution, causes the correspond- 
ing betaines to undergo degradation. Consequently, the ease 
with which the esters of hypaphorine and alanine betaine sustain 
loss of optical activity upon mild treatment with alkali indicates a 
convenient method for preparing the racemic form of a betaine 
from one of the enantiomorphs. On the other hand, this tendency 
may be expected to interfere in the conversion of optically active 
amino acids to optically active betaines when the procedure in- 
volves exposure of the betaine ester to alkali. This is the case 
with the Engeland (7) methylation reaction applied by van 
Romburgh and Barger for the synthesis of hypaphorine. 

A study was also made of the nitrate and iodide salts of hypa- 
phorine. Van Romburgh and Barger (1) state that the nitrate 
salt of hypaphorine may be prepared by hydrolyzing the methyl 
ester iodide in alkali and acidifying with dilute nitric acid. We 
have found that the precipitation of the base in this manner from a 
solution containing appreciable iodide ion invariably yields a 
product contaminated with iodine. Failure to free the salt from 
the impurity by recrystallization from water or from ethanol led 
us to the discovery of an insoluble hypaphorine iodide. When a 
great deal of iodide ion is present, as is the case with the mother 
liquors from the hypaphorine methy] ester iodide synthesized with 
the aid of methyl iodide, the salt precipitated with nitric acid may 
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consist entirely of the iodide. Our reference specimens of the 
nitrate and iodide were prepared by the addition of dilute nitric 
or hydriodic acid to an aqueous solution of authentic hypaphorine. 
The two salts are both quite insoluble and melt with decomposi- 
tion at nearly the same temperature, but yield excellent differen- 
tiating analyses according to their respective postulated formulas. 


EXPERIMENTAL 


Preparation of Hypaphorine Methyl Ester Iodide of High Rota- 
tion—0.92 gm. of hypaphorine ({a]? = +113.6°) was refluxed 
for 74 hours in a mixture of 45 ec. each of methanol and methyl 
iodide, both carefully dried and redistilled. The mixture was 
evaporated in vacuo to dryness, and the residue, crystallized from 
water, amounted to 0.87 gm. The melting point of 202-203” 
and [a]? = +48.8° (42.7 mg. dissolved in 5 ce. of water) did not 
change after the second recrystallization. Analysis gave results 
as follows: for C)sHeO.Nel, calculated, C 46.38, H 5.45, I 32.71; 
found, C 46.30, H 5.56, I 32.52. The melting point of this op- 
tically active methyl ester iodide which crystallizes as needles is 
8° higher than that of the crystalline racemic substance which 
was observed in the form of thick plates (3). Van Romburgh 
and Barger’s preparation of the methyl ester iodide consisted of 
glistening plates melting at 197° (1). 

Racemization Experiments on Hypaphorine Ester—94 mg. of the 
methyl ester iodide ({a]?> = +48.8°) were refluxed for 8 hours in a 
mixture of 1.25 cc. each of methanol and methyl iodide with 10 
mg. of sodium hydroxide. 30 mg. of sodium hydroxide dissolved 
in 0.7 cc. of methanol were added in 2.1 mg. portions every half 
hour during the first 7 hours. The mixture was concentrated to 
less than 1 ec. and allowed to crystallize. 89 mg. of ester iodide _ 
were recovered. The optical rotation was 0°. 

40.2 mg. of active methy! ester iodide were heated in 2 cc. of 1 
per cent aqueous sodium hydroxide for 2 minutes in a boiling 
water bath. The solution was immediately cooled, diluted to 5 
ec., and the optical activity determined. [a]? = +10.7°, cal- 
culated for the free betaine produced in the hydrolysis. Thus 
the resulting hypaphorine was more than 90 per cent racemized. 


' All melting points are corrected. 
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When the unesterified hypaphorine (employed as the iodide salt) 
was treated with alkali in exactly the same manner, the specific 
rotation remained unaltered ({a]? = +113.7°). It was estab- 
lished that the specific rotation of hypaphorine is the same whether 
the solvent is water or the 0.4 per cent sodium hydroxide solution 
as used in these experiments. 

Racemic Hypaphorine?—The optically inactive betaine was 
prepared from racemized methy] ester iodide and was twice crystal- 
lized from 95 per cent ethanol. The product consisted of rhom- 
boidal plates, melted with decomposition at 248-249°, and was 
totally devoid of optical activity. Following air drying, it was 
found to contain 15.3 per cent of volatile substance, whereas 2 
moles of water would account for a 12.8 per cent loss in weight. 
The crystals lose their sheen upon dehydration. In contrast, the 
optically active betaine erystallized from 95 per cent ethanol and 
air-dried is practically anhydrous. Barger (2) reports 2 moles of 
water of hydration for a preparation of the betaine. The N ecal- 
culated is 11.38; found for our dehydrated racemic preparation, 
11.26. 

Hypaphorine Nitrate and Iodide—Pure hypaphorine nitrate 
was prepared by dissolving 0.5 gm. of hypaphorine (aj? = 
+113.4°) in 2 ce. of water and adding dilute nitric acid. The 
product filtered off, washed with water, and carefully dried in 
vacuo amounted to 0.49 gm. The crystals consisting of short 
prisms melted with decomposition at 217-219°. 58.3 mg. dis- 
solved in 5 ce. of water containing 0.1 cc. of 15 N ammonium 
hydroxide gave [a]? = +91.2°, or +114.5°, calculated for hypa- 
phorine. The ammonia used to dissolve the insoluble nitrate was 
shown to have no appreciable effect on the optical rotation 

_of hypaphorine base under comparable conditions. For 
CyHis02N2-H NOs, the calculated values for C and H are 54.33 
and 6.19; the values found were 54.54 and 6.25. Van Romburgh 
and Barger’s preparation of the nitrate melted at 215-220° and 
gave [a], = +75.4°, or +94.7°, calculated for hypaphorine. 


* Some years ago it was shown (8) that the betaine of tryptophane cannot 
replace tryptophane in the diet for the promotion of growth. Inasmuch 
as the optical activity of the betaine specimen employed was not then 
determined, we have reexamined the substance. It is the pure racemic 
form. 
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The iodide was secured by treating 225 mg. of the authentic 
hypaphorine dissolved in 9 ec. of water with 0.13 cc. of freshly 
distilled 55 per cent hydriodic acid. The mixture was evaporated 
to dryness over sodium hydroxide in vacuo, and recrystallized 
from water to give wedge-shaped prisms melting with decom- 
position at 220-221°. The yield was 233mg. 49.0 mg. dissolved 
in 5 ce. of water containing 0.1 cc. of ammonium hydroxide gave 
la]? = +75.2°, or +114.3°, calculated for the betaine itself. The 
calculated I for C\gHisO02.Ne- HI is 33.93; the value found was 33.70. 


SUMMARY 


The methy! ester (iodide) of hypaphorine is shown to be easily 
racemized in alkali. 

The preparation of hypaphorine nitrate is discussed, and another 
insoluble hypaphorine salt, the iodide, described. Their specific 
rotations are in accord with the value of +113.5° + 1° for the 
betaine itself. 

The racemic betaine of tryptophane is described. 
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THE INFLUENCE OF ASPHYXIA AND OTHER FACTORS 
ON THE SERUM POTASSIUM OF CATS 


By McKEEN CATTELL anp HELEN CIVIN 


(From the Department of Pharmacology, Cornell University Medical 
College, New York City) 


(Received for publication, August 1, 1938) 


The importance of potassium in the maintenance of normal 
physiological function and life in the cell has long been recognized. 
The fact that osmotic equilibrium with the extracellular fluids is 
attained through a relatively high concentration of potassium in 
the interior of the cell, and that this condition is essential to the 
maintenance of excitability and other properties of the cell upon 
which life depends, emphasizes the rdle of potassium in the econ- 
omy of the organism. The problem has been the subject of a 
large number of investigations from various points of view, and 
the literature cannot be covered here. The recent work of Fenn 
and his associates has given much information regarding the con- 
ditions of electrolytic equilibrium in cells, and the factors which 
modify it, with special reference to muscle. This work as well 
as the pertinent earlier literature is summarized in reviews by 
Fenn (1936). 

Until recently very little attention had been given to the ques- 
tion of potassium metabolism in the intact animal. The equilib- 
rium between the blood and the cells, the factors which cause the 
passage of potassium to and from the cells, and the significance 
of these shifts are matters of fundamental importance, which are 
now receiving the attention of workers in a number of laboratories. 
Our interest in the problem arose in connection with a study of the 
influence of the digitalis glucosides on the potassium metabolism 
of cats. It was soon discovered that the blood serum of these 
animals was subject to large and rapid variations of potassium 
under apparently physiological conditions. It is the purpose of 
the present paper to describe some of these variations, with 
special reference to the influence of asphyxia. 
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Methods 


All the observations were made on cats, which usually had been 
without food for from 24 to 48 hours. In those experiments 
requiring an anesthetic, 50 mg. per kilo of “dial”! were given by 
the peritoneum. 

Blood samples were taken, as required, from the jugular vein, 
femoral artery, or the heart. From 5 to 6 cc. of blood were with- 
drawn for each sample; a procedure which was repeated not more 
than from five to seven times except in animals observed over a 
period of several days. Hemorrhage is known to cause a rise in 
blood potassium (Thaler, 1935) but the total amounts withdrawn 
over a period of several hours is too small to be significant in these 
animals which weighed from 3.5 to 5.0 kilos. Moreover, in most 
experiments the results of a procedure were related to a control 
sample taken only a few minutes before. The blood was drawn 
directly into or immediately transferred to a centrifuge tube, 
where it was allowed to clot for from 15 to 30 minutes before the 
serum was separated. 

The potassium determinations were made by the Wenger, 
Cimerman, and Rzymowska (1936) modification of the Shohl 
and Bennett method with slight further changes. 1 cc. of serum 
was ashed in a silica crucible with 5 cc. of a mixture of 5 parts of 
nitric acid and 2 parts of perchloric acid. If the oxidation of the 
organic matter was not complete when all the acid had been 
evaporated over a hot-plate, the crucibles were placed in a muffle 
furnace at 400-450° and the ashing completed. This rarely took 
longer than 10 minutes. Any ammonium compounds were de- 
composed by the addition of a few drops of 20 per cent NaOH and 
the solution was evaporated to dryness. The residue was then 
acidified by the addition of a few drops of perchloric acid (a slight 
excess) and the solution evaporated to dryness. Heating was 
continued until fuming ceased. The residue was then taken up 
in a few drops of water and 0.3 ec. of a 10 per cent solution of 
chloroplatinic acid added. The solution was again evaporated 
just to dryness and the precipitate washed with 6 cc. of 95 per cent 
alcohol in successive portions of 0.5 cc. each by use of a microfilter 


! Diallylbarbituric acid with ethyl carbamate, kindly supplied by Ciba 
Pharmaceutical Products, Inc. 
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stick (Jena, No. 91G3). The precipitate was heated at less than 
100° until all the alcohol was evaporated and then dissolved in 
about 2 ec. of CO.-free water and 1 cc. of a freshly prepared solu- 
tion of 2 N KI added. The crucibles were returned to the hot- 
plate, allowed to stand about 4 minutes, and titrated to a clear 
yellow with freshly standardized 0.01 N sodium thiosulfate. This 
method has the advantage of requiring no transfers of solutions 
or precipitate. All determinations were carried out in duplicate. 


TaBLe | 


Serum Potassium in Unanesthetized Cats 


Potassium 


Cat No. Interval 
Sample 1 | Sample 2 
mg. per 100 ce. mg. per 100 ce min. 
l 20.2 
2 19.7 
7 25.4 27.4 6 
s 25.6 30.2 6 
Q 28.2 22.3 17 
ll 30.3 
12a 19.3 21.4 15 
12b 11.6 | 10.2 48 
13 24.1 
15 23.9 | 23.9 15 
18 17.4 
Average 22.3 
Results 


Normal Variability—The blood potassium has been determined 
in the course of various experiments in a fairly large group of ani- 
mals before they were subjected to experimental procedures. We 
were surprised to find a wide range of potassium values in ap- 
parently normal animals. The figures for the first blood sample, 
and in some cases a second sample, for eleven cats which had been 
without food for 24 to 48 hours are given in Table I. The blood 
was obtained from the external jugular vein by venipuncture. 
Under those conditions the serum potassium ranged from 30.3 to 
10.2 mg. per 100 cc., and averaged 22.3 mg. These variations 
apparently are not related to individual differences in cats, for 
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equally large changes were observed from day to day in the same 
animal. Two striking examples, selected for their variability, 
are charted in Fig. 1. During the period of the experiment the 
animals were given no food other than milk. 

In another series of animals the first blood sample was taken 
after anesthesia had been produced by the intraperitoneal injec- 
tion of 50 mg. per kilo of dial. The data for nineteen such experi- 
ments are included in the column headed “First control’ in 
Table II, in which the time after the injection of the anesthetic 
is also indicated. It will be noted that in this series also there is a 
marked variability in the potassium of the blood, ranging in the 
nineteen animals from 3.6 to 26.5 mg. per 100 ec. of serum, with 
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Fic. 1. Variations in serum potassium occurring from day to day in two 
unanesthetized cats. In this and subsequent charts duplicate determina- 
tions are shown for each blood sample. At the arrow 0.05 mg. per kilo of 
ouabain was injected intravenously in Cat 12. 


an average of 17.8 mg. In these experiments successive samples 
gave relatively constant values during a period of from 4 to 8 
hours, except when they were influenced by some experimental 
procedure. This is illustrated by the final potassium values in 
Table II (last column) which are generally of the same order as 
those determined for the first control sample. 

Effect of Asphyxia—Because of the very large changes in blood 
potassium occurring as the result of oxygen lack in the cat, we 
have carried out a number of experimental procedures designed 
to throw light on the mechanism of this phenomenon, with special 
reference to the réle of respiratory factors. Asphyxial rises in 
blood potassium of relatively small magnitude have been de- 
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scribed in dogs (Houssay, Marenzi, and Gerschman, 1936, 1937; 
Dennis and Mullin, 1938). The incidental observation of a high 
blood potassium from asphyxia in the cat is mentioned by D’Silva 
(1934). 


Taste II 
Effect of Asphyzia on Serum Potassium 








First control after | Preasphyxia 
dial 


























Cat No. eonteel Asphyxia Recovery 
min.* op og min, * pow min.t "ES of min? |e K per 

13 160 | 18.2 | 420 | 17.2 4 47.5 
l4 32 | 22.7 | 32 | 22.7 | 4 | 28.2 | 200 | 20.2 
16 15 | 13.4 76 | 17.7 7 57.7 29 | 18.3 
17 48 | 21.2 48 | 21.2 | 12 45.7 6 | 20.9 
19 60 6.4 60 6.4 6 26.2 36 11.9 
20 185 | 10.7 | 375 | 15.4 | 12 53.8 
21§ 73 | 21.0 73 | 21.0 2 | 448 
22 23 | 246 | 23 | 24.6 | 46.8 6 | 26.5 
23§ 40 | 26.5 | 100 | 25.3 24 | 32.9 10 | 20.0 
24 106 | 25.0 | 157 | 24.0 54 | 47.8 | 
25 400 23.4 470 19.2 | 5 | 30.1 | 
23) | 90 | 18.5 | 128 | 186 | 9 | 35.5 | 10 | 13.5 
30 40 19.6 83 10.49 | ae 
32 55 | 19.8 | 216 | 18.59) 5 | 36.9 
43 37 | 10.2 37. | 10.2 4 | 39.5 9 | 10.6 
45 39 | 20.6 39 | 20.6 | 4 | 33.8 ll | 16.7 
46 30 3.6 30 3.6 4 | 18.0 20 4.5 
51 40 | 166 | 40 | 166 | 4 | 32.2 | 16 | 16.7 
53 86 | 18.0 86 | 18.0 44 | 24.5 18 | 15.6 

Average....... | 17.8 | | 17.4 | 38.1 





* Time elapsing between the injection of dial and taking of the blood 
sample. 

t Time from start of asphyxia. 

t Time from end of asphyxia. 

§ Asphyxia produced by artificial respiration with nitrogen. 

|| Previously adrenalectomized. 

¥ The cat had been given 0.3 mo per kilo of NaOH intravenously. 


When the external respiration is completely arrested by opening 
the chest wall in anesthetized animals, a marked rise in the blood 
potassium takes place. In blood samples taken after 4 to 5 
minutes of arrested respiration the average potassium content 
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of the serum was about twice that of the controls. The results 
of nineteen such experiments are summarized in Table Il. The 
4 or 5 minute period of asphyxia employed approximates that 
required to bring about a failure of the circulation. To insure a 
satisfactory sample of blood under these conditions of low blood 
pressure, the final sample was usually taken directly from the 
heart. This degree of asphyxia did not result in permanent dam- 
age, and the heart rapidly resumed its normal activity upon re- 
establishment of the respiration. Individual experiments show a 
considerable variation in the course of the rise in blood potassium. 
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Fic. 2. Experiments showing the course of the blood potassium changes 
occurring during and following asphyxia. In Cats 68 and 69 the rate of 
recovery is shown from samples taken at 1 minute intervals. The other 
curve (points designated with triangles) represents the results from four 
cats and shows the average serum potassium values at frequent intervals 
during a 5 minute asphyxial period. 


The average results for four cats in which blood samples were 
secured at intervals of 1 minute during the period of asphyxia are 
charted in Fig. 2. The drop in potassium during the Ist minute 
was always present and averaged 2 mg. per 100 cc. of serum. The 
potassium concentration in the 2 minute sample was significantly 
higher than the controls and the rise continued, somewhat irreg- 
ularly in the individual experiments, until respiration was restored 
at the end of the 5 minute period. 

In many experiments the blood potassium was determined 
again at various intervals after the respiration was reestablished, 
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and these values are shown in the last column of Table II. They 
are within the range of the earlier controls, and they show the 
process to be completely reversible. In two animals detailed 
studies were made of the rate of disappearance of the extra potas- 
sium from the blood stream, and these are charted in Fig. 2. 
Blood samples were taken at intervals of 1 minute, and they reveal 
the surprising fact that the potassium concentration returns to 
normal or falls below normal within a period of 2 minutes. The 
persistence of low potassium values for a short period after as- 
phyxia has been characteristic of a number of experiments in 
which analyses were made on blood samples taken during that 
period. : 

There are several further points of interest in connection with 
these results. In the first place, there appears to be a limiting 
value to the concentration of potassium reached during asphyxia, 
and values greater than 50 mg. per 100 cc. of serum were rarely 
obtained. Cats having initially a low potassium concentration 
usually showed a several fold increase as the result of asphyxia; 
whereas, when the potassium was already high, the percentage 
increase was relatively small. Longer periods of asphyxia are not 
effective in further increasing the blood potassium, presumably 
because the blood no longer circulates from the capillaries to the 
heart. However, blood samples obtained immediately after the 
circulation is reestablished show a slight further elevation in potas- 
sium content (see Fig. 2), which in all probability represents potas- 
sium accumulated in the blood previously stagnant in the capillary 
bed. 

In order to gain insight into the factors concerned in the as- 
phyxial rise of blood potassium several variations of procedure 
were instituted. Several animals (e.g., Cat 28, Table II) were 
adrenalectomized before being subjected to asphyxia, a procedure 
which did not appear to influence the typical elevation of potas- 
sium. In two animals (Cats 21 and 23) an attempt was made to 
eliminate the factor of an increase in carbon dioxide by means of 
forced respiration with pure nitrogen. Under these circumstances 
evidence of asphyxia comes on, as might be expected, with great 
rapidity. The potassium response, however, appeared not to 
differ from that occurring as a result of arresting the respiration 
by opening the chest wall. A few experiments have been carried 
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out in which the carbon dioxide concentration has been raised in 
the inspired air by administering a mixture of 10 per cent CO, and 
90 per cent O,. This caused a well marked but temporary rise 
in the blood potassium, with a return to normal values while the 
high carbon dioxide was being continued (see Fig. 3). The 
mechanism of this effect requires further study, but it is not un- 
likely that it is associated with a transient stimulation of the 
adrenals, which is known to cause a rise in blood potassium. 
Because of the possible importance of the liver as a source of the 
increased blood potassium (Houssay et al., 1936), several experi- 
ments were carried out in eviscerated animals. However, their 








Mg. K/100 ce. serum 











TMinutes after CO 


Fic. 3. The effect of breathing a mixture of 10 per cent CO, and 90 per 
cent O, on the serum potassium in three cats. Discontinuance of the CO, 
is indicated by a small arrow in each experiment. The encircled points 
represent the blood serum values at the end of a 5 minute period of asphyxia. 


condition was such that we did not consider the results reliable, 
and for this reason the data have been omitted from the tables. 
Further experiments of this character are now in progress. 


DISCUSSION 


The observation that asphyxia causes a rise in blood potassium 
is not new. Houssay, Marenzi, and Gerschman (1936) have 
studied the phenomenon in dogs given chloralose. They ob- 
served an increase of from 1.2 to 8.6 mg. of potassium per 100 
cc. of plasma (average 4.7 mg. per 100 cc. in four animals) in 
blood samples taken 1 minute after the termination of a period 
of from 24 to 4 minutes of complete asphyxia. This asphyxial 
rise in blood potassium did not occur when both the adrenals 
and liver were removed, or their nerves sectioned, and the liver 
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was therefore considered to be the source of the extra potassium. 
Larger changes are shown in a preliminary report by Dennis and 
Mullin (1938) which has just appeared: in twelve dogs anesthetized 
with nembutal the average concentration of potassium in the 
plasma rose from 18.1 mg. per 100 cc. to 22.2 at the end of a 2 to 
4 minute period of asphyxia. In four animals the asphyxia was 
repeated, resulting in an average rise of from 16.0 to 23.9 mg. per 
100 cc. of plasma. The only observation on the effects of as- 
phyxia on the potassium concentration in cats of which we are 
aware is that of D’Silva (1934) who mentions, without giving data, 
that acute asphyxia produces a rise in serum potassium. 

The present experiments show that cats respond to a 4 to 5 
minute period of asphyxia with an extremely marked rise of blood 
potassium ; increases of the order of 2 to 4 times the control value 
being the rule, and the potassium commonly reaches a maximum 
value between 40 and 50 mg. per 100 cc. of serum. It is of interest 
to note that Houssay and Marenzi (1937) found the largest in- 
travenous dose of potassium tolerated by dogs to be 20 mg. per 
kilo. This is almost the same dose as that observed for cats by 
Dr. Harry Gold in this laboratory. In a group of experiments the 
minimum lethal dose of potassium was found to be between 15 
and 20 mg. per kilo injected rapidly as potassium chloride. Thus, 
on the basis of an estimated blood volume equivalent to 10 per 
cent of the body weight, the maximum potassium concentration 
in the blood must not have exceeded the values found in many 
animals as a result of asphyxiation, from which the animal readily 
recovered. 

The return to normal blood potassium values with the resump- 
tion of the respiration occurs with remarkable rapidity. Experi- 
ments are recorded (Fig. 2) in which as much as 16 mg. per 100 
cee. of blood, representing more than half the total potassium con- 
tained in the blood, at the given time, disappeared in 1 minute. 
Under such conditions the potassium falls below its original level, 
as was observed by Houssay and his associates in dogs, and the 
changes are similar to those reported by D’Silva (1934) following 
the injection of epinephrine in cats. The observations of Hous- 
say and Marenzi (1937) and Brewer and Larson (1938) show that 
injected potassium also disappears from the blood stream with 
great rapidity. 

These sudden large shifts in potassium, together with the wide 
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variations found among individual cats and in the same animal 
from day to day, suggest that the mobilization of potassium may 
represent an important regulatory mechanism. Various sugges- 
tions have arisen regarding the possible biological significance of 
these changes, including (1) an inadequate oxygen supply for the 
maintenance of the normal function of the cell membrane, thus 
permitting an escape of potassium from the interior of the cell, 
and (2) a shift of potassium between the blood and the cells of the 
body associated with the acid-base requirements of the tissues. 

The first suggestion receives some support in the experiments 
of Baetjer (1935), who found that when the blood supply through 
the leg muscles of the cat was reduced by 80 per cent or more a 
marked increase in the plasma potassium occurred in the return- 
ing venous blood.?. Further, hemorrhage (Thaler, 1935) and the 
low blood pressure accompanying shock (Zwemer and Scudder, 
1937) have been shown to give rise to or be accompanied by a 
high blood potassium in the cat. The answer to the question of 
whether or not an inadequate oxygen supply plays a direct rdéle 
in the present experiments must await more evidence, but the 
possibility that the mobilization of potassium is, in part, secondary 
to an action elsewhere is suggested by the fact that a rise in blood 
potassium also occurs in response to the injection of epinephrine 
(Bachromejew, 1932-33; D’Silva, 1934, 1936; Schwarz, 1935; 
Houssay, Marenzi, and Gerschman, 1936; Marenzi and Gersch- 
man, 1936, 1937; Keys, 1938) and following central nervous stim- 
ulation (Cloetta, Fischer, and van der Loeff, 1934; Zwemer and 
Pike, 1938). The temporary effect of carbon dioxide excess may 
well be mediated through the nervous system and discharge of 
epinephrine. 

It is also possible, as suggested above, that the labile blood 
potassium has a function in relation to the acid-base needs of the 
tissues, as, for example, in connection with the removal of acids 
formed in the interior of the cell during asphyxia or from penetra- 
tion of carbon dioxide when given in excess. This phase of the 
problem is now being studied, particularly in relation to the effect 
of acid-base changes in the blood produced by the injection of 


? Dennis and Moore (1938) found the potassium concentration in the 
coronary venous blood to be increased after ligation of the coronary arteries 
in cats. 
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acid, a procedure which decreases the serum potassium and 
largely prevents the asphyxial rise (Cattell, 1938). It is clear 
that much further information is needed before the significance of 
the potassium changes described in this paper can be appraised. 


SUMMARY 


The potassium content of the blood serum of cats has been 
studied in relation to its natural range of variability and the 
effect of various experimental procedures. The principal findings 
follow: 

1. A wide range in potassium concentration (10 to 30 mg. per 
100 cc.) occurred in apparently normal animals. Under ‘‘dial” 
anesthesia the potassium was only slightly more uniform but 
somewhat lower. 

2. 4 to 5 minutes of complete asphyxia resulted in a marked, 
and when the initial values were low, several fold increase in the 
serum potassium, giving an average maximum concentration of 
about 38 mg. per 100 ce. 

3. The serum potassium returned to the control values or below 
in from 2 to 3 minutes after the respiration was restored. 

4. The breathing of a mixture of 10 per cent carbon dioxide and 
90 per cent oxygen resulted in a temporary rise in blood potas- 
sium. 
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The main sources of error in the determination of ascorbic acid 
in biological fluids by titration with 2,6-dichlorophenol indophenol 
are due to difficulties in detecting the somewhat vague end-point, 
and to the presence of reducing substances other than ascorbic 
acid. The first of these errors may be eliminated by replacing 
visual titration by an objective photoelectric measurement of the 
amount of dye decolorized when a measured quantity of the solu- 
tion reacts with an excess of dye (Rosen and Evelyn (1), Mindlin 
and Butler (2), Pijoan, Alexander, and Wilson (3)). In addition 
the use of the photoelectric method allows the measurement to be 
completed within 5 seconds, thus minimizing errors due to de- 
colorization of the dye by interfering substances which react more 
slowly than ascorbic acid itself. In fluids such as plasma (2) and 
cerebrospinal fluid (3) the amount of interfering material is usually 
small, therefore accurate results can be obtained by making a 
single measurement at the end of 5 seconds. This is, however, 
far from being the case in urine, because non-ascorbic acid reduc- 
ing substances often account for more than 90 per cent of the total 
indophenol-reducing capacity of normal urine. Attempts have 
been made (4-6) to remove the interfering substances by pre- 
cipitation with mercuric acetate or barium acetate, but by these 
methods only a portion of such substances is removed. 

It is the purpose of this paper to describe an alternative method 
of differentiating between ascorbic acid and other reducing sub- 


* Aided by grants from The Banting Research Foundation, Toronto, 
Canada. 
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stances, which is based on differences in the rate at which the dye 
is decolorized. It has been shown that the reaction of ascorbic 
acid is almost instantaneous (7), while that of all other known 
interfering substances proceeds at a slower rate. This is further 
illustrated by the curves of Fig. 1 which show that the ascorbic 
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Fic. 1. Extrapolation of curves obtained from mixtures of reducing 
substances in order to obtain the true ascorbic acid content. Abscissa, 
time in seconds; ordinate, amount of dye decolorized in arbitrary units. 
Curve 1, ascorbic acid 0.0013 mg. per cc., thiosulfate 0.0056 mg. per cc.; 
Curve 2, ascorbic acid 0.0013 mg. per cc.; Curve 3, ascorbic acid 0.00143 
mg. per cc., cysteine 0.050 mg. per cc.; Curve 4, ascorbic acid 0.00143 mg. 
per ec.; Curve 5, ascorbic acid 0.00116 mg. per cc., thiosulfate 0.0040 mg. per 
ec., and cysteine 0.0143 mg. per ec.; Curve 6, ascorbic acid 0.00116 mg. per 
ec.; Curves 7 to 11, representative samples of urine (Curve 10 was made 
with 0.1 cc. of urine of a patient who was undergoing an ascorbic acid 
saturation test). 


acid reaction is complete within 5 seconds, while the presence of 
other reducing substances causes the reaction to continue beyond 
this time. In our method an excess of dye is mixed with a meas- 
ured aliquot of urine, and the amount of dye decolorized is meas- 
ured in the photoelectric colorimeter (8) at 5 second intervals until 
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the reaction is complete. The results are used to plot a reaction 
velocity curve from which the amount of decolorization due to 
ascorbic acid alone may be determined by extrapolation to zero 
time. This method is admittedly empirical and cannot therefore 
be expected to give more than approximate results, but the errors 
are far less serious than those of the ordinary visual titration 
which may often amount to several hundred per cent. Moreover, 
by combining the extrapolation procedure with a preliminary 
partial chemical purification we believe that measurements on 
urine can be made almost as accurately as on plasma. 


Method 


Freshly voided urine acidified with 5 per cent of glacial acetic 
acid by volume is used for all the determinations. 

Reagents and Apparatus 

1. Aqueous solution of 2,6-dichlorophenol indophenol. No 
standardization of this solution is required other than to adjust 
its concentration so that 9 ec. of dye plus 1 cc. of 5 per cent acetic 
acid give a reading of about 30 on the photoelectric colorimeter 
with Filter 520.'_ The solution should be filtered, brought to 
approximately pH 7 by addition of a few drops of m/15 phosphate 
buffer, and stored in a brown bottle with a glass stopper. 

2. A rapid delivery 9 ec. pipette is made by cutting off a suitable 
length from the lower end of an ordinary 10 ce. pipette, and re- 
calibrating it to deliver 9 cc. The bore of the tip should be about 
3 mm., so that the emptying time is about 1 second. A No. 6 
rubber stopper is attached to the outside of the pipette at such a 
height that when it is inserted into a colorimeter tube the tip will 
be about 2 inches from the bottom of the tube (Fig. 2). The 
pipette must be rinsed after each determination to avoid contam- 
ination of the dye solution by traces of acid which may adhere to 
the tip. 

Procedure 


The initial optical density* of the dye solution is measured by 
adding 1 cc. of 5 per cent acetic acid to 9 ec. of dye in a colorimeter 


1 The colorimeter which we have used is manufactured by the Rubicon 
Company, 29 North Sixth Street, Philadelphia. Filter 520 is supplied with 
the instrument as standard equipment. 

* The term optical density is used here to refer to the average optical 
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tube and reading immediately in the photoelectric colorimeter with 
Filter 520, after the galvanometer is adjusted to 100 with a tube 
containing water only. The corresponding optical density is 
recorded as L;. The galvanometer is then adjusted to 100 with a 
blank tube containing 9 cc. of water and 1 cc. of acidified urine; a 
sample tube containing 1 cc. of acidified urine is placed in the 
instrument, and 9 cc. of dye are run in from the special pipette 
which is held in place as shown in Fig. 2. The galvanometer is 
read at 5, 10, 20, and 30 seconds measured from the time at which 
addition of the dye is begun, the readings are plotted against time 
on graph paper, and the curve extrapolated by a smooth free-hand 
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Fic. 2. Rapid delivery 9 cc. pipette shown in place in the colorimeter 
tube just before delivery of the dye. 


curve to intersect the axis of ordinates. The optical density 
corresponding to this extrapolated galvanometer reading is re- 
corded as L2, and the concentration of ascorbic acid in mg. per 100 
cc. of acidified urine is calculated from the equation 


10.8 (Li — 12) 
A 


X (1) 


density which is measured in the photoelectric colorimeter, as distinct 
from the true monochromatic optical density which is measured by the 
spectrophotometer. This approximate optical density is represented by 
the symbol L, and is similar to true optical density in that it obeys the 
relation L = K X C where K is a constant and C is the concentration of the 
colored substance in the solution. 
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where A cc. is the volume of acidified urine used in the test, and 
10.8 is the numerical value of the calibration constant which has 
been determined by measurements on solutions of pure ascorbic 
acid.* 

In measurements on urine it is very seldom necessary to use 
more than 1 cc. of urine, but the urine may have to be diluted 
before the test is made in order to limit the excursion of the gal- 
vanometer during the first 5 seconds to a maximum of 20mm.‘ _ If 
the ascorbic acid content of the sample solution is below 0.5 mg. 
per 100 cc., as for example in plasma filtrates, ] cc. of a 10 times 
stronger dye solution should be placed in the colorimeter tube, 
and 9 cc. of the sample solution run in from the pipette. Equation 
1 is of course accurate only as long as the final volume is 10 cc., 
and the 9:1 ratio is necessary to insure adequate mixing. In 
adapting the method to other fluids the solutions should be acidi- 
fied or buffered so that the final pH of the dye mixture is about 3. 


Results 


Recovery of Ascorbic Acid—Table I illustrates the accuracy with 
which the true ascorbic acid content of mixtures containing vary- 
ing amounts of interfering substances can be determined by the 
extrapolation method described above. The close agreement 
between the results obtained by independent observers shows that 
the somewhat empirical process of extrapolation can be carried 
out with a relatively small personal error. The complete failure 
of the titration method to differentiate between ascorbic acid and 
thiosulfate is well shown by the figures in the last column. It 


* The numerical value of this constant applies only to the particular 
type of photoelectric colorimeter used by us (Rubicon Company, 29 North 
Sixth Street, Philadelphia), but no difficulty would be experienced in 
adapting the method to any other type of instrument, other than the 
necessity for redetermining the value of the constant. 

‘ This precaution is necessary to allow for the lag in the galvanometer 
response due to inertia of the moving system. With the instrument used 
by us a movement of 20 mm. is the maximum which can be followed faith- 
fully in 5 seconds. It is important that each new instrument used for this 
technique be checked by making a measurement on a solution of pure 
ascorbic acid of such a strength that a movement of 20 mm. is obtained. 
There must be no movement of the galvanometer spot or needle after the 
first 5 seconds. 
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Taste I 
Recovery of Ascorbic Acid from Mixtures Containing Other 
Reducing Substances 
The figures in the two columns headed ‘‘Photoelectric’’ are the results 
obtained by two independent observers. In order to give the titrimetric 
method every advantage all titrations were carried out in the photoelectric 
colorimeter to an end-point in exactly 30 seconds. 














Material in sample | Ascorbic acid determined 
ienliene | “tyro | Urine — Photoelectric Titration 
micrograms micrograms ce. micrograms micrograms | micrograms micrograms 

23 0 0.4 | O 13.9 
25 0 O49 16.0 
26 | 0 0.3 | 0.7 16.0 
37.—CiCSY | ma.) 22 1.2 18.0 
aa | pe tee? Pitas 04 | 24.2 
41 | | 0 | 2.0 2.5 25.2 
25 | 15.8 | 13.1 13.1 | 31.6 
40 } 91 | 72 | 985 | 26.4 
0 | | 19.6 | 23.2 | 20.2 | 47.0 
143 | 0 0 | oO | 2.4 
153 | oO 0 0 1.6 
153 0 0 pecg | 2.0 
286 0 0.2 | 0 3.9 
| 143 | 10.8 me |.o8.4 42 
| 286 | 15.8 15.9 | 15.7 | 39.0 
306 14.5 13.7 | 13.1 _ ib 
40 143 | 10.8 7.2 11.3 | 36.5 
24.8 153 | 12.5 8 Bee ee 
24.8 | 153 | 11.0 7.2 9.5 | 28.6 
24.8 | 153 | 8.5 11.9 | 10.5 27.2 
24.8 | 153 14.5 16.7 | 14.6 | 21.4 

| 1.0 19.0 16.7 18.0 | 

1.0 19.0 15.9 16.7 | 

| 0.5 | 10.4 92 | 9.2 | 

| 1.0 10.4 | 10.8 10.5 
[a . 2s 8. a8 13.3 
| 05 | 04 | 9.8 98 | 


should be mentioned at this point that, although we have used 
cysteine and thiosulfate as examples of typical interfering sub- 
stances, we do not believe that they are necessarily the most im- 
portant factors in human urine, because even when these two 
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substances are removed there still remains a variable amount of 
non-ascorbic acid reducing material. 

Comparison of Titration and Photoelectric Methods in Urine 
Table II shows the results obtained by measurements on fresh 
samples of urine from forty-five normal individuals whose diets 
were apparently adequate in ascorbic acid content. The figures 


Taste II 

Comparison of Photoelectric and Titrimetric Methods of Determining Ascorbic 
Acid Concentration in Urine 

The conditions of the experiments were the same as in the experiments 

reported in Table I. The results are expressed in arbitrary units. 











Photoelectric Titration Photoelectric | ‘Titration 
85 85 114 4 8 | 104 
40 40 106 22 2 «| 100 

2 3 30 35 33 94 
19 19 5l 38 35 120 
30 29 85 32 38 114 
28 28 61 10 9 85 

170 170 202 9 9 64 
65 | 65 109 31 40 97 
38s 38 73 98 97 178 
50 50 74 76 74 157 

100 100 141 125 135 271 
3 CO 13 33 43 40 89 

40 | 40 | 172 | 63 62 120 
50 50 113 90 s9 | 211 
23 23 75 90 11 =| = 229 

130 130 160 75 7% | 170 

100 100 167 20 16 | 58 
32 32 79 0 10 148 
23 23 60 0 40 | 315 

2 0 25 85 100 297 

=m i 179 60 50 CO 179 

25 23 | ill 


show that the ratio of titrimetric to photoelectric values varies 
from almost 1:1 to 10:1 and more. In view of the fact that a 
considerable percentage of normal individuals seems to excrete 
only traces of ascorbic acid in the urine, in spite of the apparent 
presence of relatively large amounts as determined by titration, 
it seems necessary to reexamine the significance of the urinary 
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output of ascorbic acid as an index of “‘vitamin C subnutrition.”’ 
Our findings in this connection will be reported elsewhere. 
Removal of Interfering Substances—In view of the magnitude of 
the errors caused by the presence of interfering substances in 
urine, and realizing that the extrapolation correction can only 
partially eliminate this type of error, we tried to combine the 
extrapolation procedure with the mercuric acetate and barium 


Taste III 


Effect of Removal of Interfering Substances by Precipitation by Mercuric 
Acetate and by Solid Barium Acetate 

All measurements were made by the photoelectric method. The figures 
in the columns headed ‘‘Ascorbic acid’’ were obtained by the extrapolation 
procedure described in this paper. The figures under the heading ‘‘Inter- 
fering substances’’ represent the ascorbic acid equivalent of the amount of 
dye decolorized during the first 30 seconds after the end of the true ascorbic 
acid reaction. The values are given in mg. per 100 cc. 











Before precipitation Solid barium acetate Mercuric acetate 
Ascorbic | Interfering | Ascorbic | Interfering | Ascorbic Interfering 
acid | substances | acid | substances acid | substances 
0.3 15 | o2 0.7 05 | 1.4 
0.3 1.3 | 0.2 0.7 0.4 | 0.8 
0.4 0.8 | 0.3 05 | 03 | 0.4 
0.5 0.3 0.4 0.2 0.5 0.1 
0.8 0.7 0.7 0.2 0.6 0.4 
1.0 0.8 0.9 0.4 1.1 0.3 
1.1 1.6 1.0 0.3 0.9 0.3 
1.2 2.8 | 1.4 1.2 1.2 | 1.7 
2.2 0.7 1.9 0.5 2.3 | 0.6 
2.9 3a 3.2 1.7 28 | 0.9 
4.2 “- ae er 0.3 > oa 
7.0 -m | of | @8 | | @& 





| 


acetate purifications of van Eekelen and his coworkers (4-6). 
The shape of the reaction velocity curves of the filtrates obtained 
by these procedures showed that they still contained a variable 
(though usually much smaller) amount of non-ascorbic acid re- 
ducing substances. Moreover, the mercuric acetate filtrates 
which had been reduced with hydrogen sulfide occasionally con- 
tained more of these interfering substances than the original 

















Evelyn, Malloy, and Rosen 653 


urine, no doubt due to the reduction by the hydrogen sulfide of 
substances present in the original urine (other than dehydroascor- 
bic acid) in a harmless oxidized form. From Table III it may be 
concluded that the barium acetate precipitation is of definite 
value, since it always removes a portion of the interfering sub- 
stances without causing any loss of ascorbic acid. There seems 
to be no advantage in using the mercuric acetate-hydrogen sulfide 
procedure, since in addition to the possibility of errors arising in 
the manner described above, it is tedious and may easily cause 
ioss of ascorbic acid unless it is carried out very rapidly. Redue- 
tion with hydrogen sulfide must, however, be carried out on any 
solution which is known to contain appreciable amounts of dehy- 
droascorbic acid. 

In conclusion it may be mentioned that one of the most im- 
portant applications of the method described in this paper is 
qualitative rather than quantitative. A study of the shape of 
the reaction velocity curve obtained from any solution affords a 
sensitive test of the ratio of interfering substances to true ascorbic 
acid, and may therefore be employed as a test of the efficiency of 
any method suggested for the removal of interfering substances. 
We recommend that this test be applied to all solutions, even those 
such as plasma filtrates in which, as a rule, the interfering sub- 
stances are relatively unimportant. 


SUMMARY 


1. A method is described for the determination of ascorbic acid 
in urine and other biological fluids, in which titration has been 
replaced by an objective photoelectric measurement of the amount 
of dye decolorized when a measured quantity of urine reacts with 
an excess of dye. 

2. This method does not require standardization of the dye 
solution, eliminates errors due to interfering colored substances, 
and allows the measurement to be completed within 5 seconds 
after addition of the dye. This greatly reduces errors due to 
non-ascorbic acid reducing substances, and a simple extrapolation 
procedure makes it possible to reduce this error still further. 

3. As compared with the values obtained by the new method 
the titration values for normal urine are apparently often from 2 
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to more than 10 times too high, although the titrimetric method is 
quite accurate when the ascorbic acid content of the urine is very 
high. 

4. The mercuric acetate purification of Emmerie and van 
Eekelen has not been found of value in connection with the 
photoelectric method of measurement, but preliminary precipita- 
tion with solid barium acetate is apparently both safe and desir- 
able although it only removes a fraction of the interfering mate- 
rial, 

5. With the new method 24 hour ascorbic acid excretions of 
less than 5 mg. are often found in normal healthy individuals on 
adequate well balanced diets. 
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MICRODETERMINATION OF OXYHEMOGLOBIN, 
METHEMOGLOBIN, AND SULFHEMOGLOBIN 
IN A SINGLE SAMPLE OF BLOOD* 


By KENNETH A. EVELYN ann HELGA TAIT MALLOY 


(From the Department of Medicine, McGill University Clinic, Royal Victoria 
Hospital, Montreal, Canada) 


(Received for publication, September 1, 1938) 


The purpose of this paper is to present a simple, accurate photo- 
electric method for the determination of oxyhemoglobin (HbO,), 
methemoglobin (MHb), and sulfhemoglobin (SHb) in a single 
sample of finger blood. 


M ethod 8 


Methemoglobin—When sodium cyanide is added to a solution 
of MHb (Fig. 1), the characteristic absorption band at 635 my is 
almost completely abolished by the conversion of MHb into cyan- 
methemoglobin (MHbCN). The resulting change in optical 
density is directly proportional to the concentration of MHb. 
This change in optical density may be measured on the photo- 
electric colorimeter (1) with a color filter which transmits a nar- 
row spectral band in the vicinity of 635 my (Fig. 1). 

Sulfhemoglobin—The depth of the 620 mu absorption band of 
SHb (Fig. 2) is unchanged by the addition of cyanide, hence the 
concentration of SHb in a solution containing HbO,, MHb, and 
SHb is proportional! to the residual optical density of the solution 
after the MHb has been converted into MHbCN by addition of 
cyanide. This measurement can be made on the photoelectric 
colorimeter with a suitable filter (Curve 620 of Fig. 2) on the same 
solution used for the MHb determination. A correction must of 
course be made for t-hesmall, though not negligible, absorption 
of HbO; and MHbC at 620 mx. 


* Aided by grants from The Banting Research Foundation, Toronto, 
Canada. 
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Oxyhemoglobin—The concentration of HbO, is obtained by sub- 
tracting the values for MHb and SHb from the concentration of 
total hemoglobin determined by a modification of the method of 
Austin and Drabkin (3). In this method the various forms of 
hemoglobin are converted into MHbCN and the concentration 
of this pigment is determined by measuring the optical density of 
the solution in the photoelectric colorimeter, with a filter which 
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Fic. 1. Spectrophotometric curves of methemoglobin, cyanmethemo- 
globin, and Filters 635 and 540. These curves were made on solutions 
containing 0.1 gm. of hemoglobin per 100 cc. on the Hardy photoelectric 
spectrophotometer with a 10 my slit; therefore they are presented by way of 
illustration of the principles of the method only, and not as accurate data on 
the spectrophotometric characteristics of these pigments. Abscissa, wave- 
length in my; ordinate, percentage light transmission. 


transmits a spectral band in the vicinity of the MHbCN absorp- 
tion maximum at 540 my (Fig. 1). 

Reagents— 

1. m/15 phosphate buffer of pH 6.6. 

2. m/60 phosphate buffer of pH 6.6 prey . | from the above by 
dilution as required. 

3. 20 per cent aqueous potassium ferricyanide. 

4. 10 per cent aqueous sodium cyanide. 
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5. A neutralized solution of sodium cyanide prepared within | 
hour of the time of use by mixing equal parts of 10 per cent sodium 
cyanide and 12 per cent acetic acid. 

6. Concentrated ammonium hydroxide. 

Reagents 3 to 6 should be kept in dropper bottles which deliver 
approximately 25 drops to the ce. 





95 














400 500 600 Foo 


Fic. 2. Spectrophotometric curves of oxyhemoglobin (0.1 gm. per 100 
ec.), sulfhemoglobin (0.15 gm. per 100 ec.), and Filter 620. The curve for 
SHb was drawn from the data of Drabkin and Austin (2). Abscissa, wave- 
length in my; ordinate, percentage light transmission 


Procedure 


0.1 cc. of fresh whole blood (finger blood, or venous blood to 
which not more than 2 mg. of potassium oxalate per cc. have been 
added) is delivered into 10 cc. of m/60 phosphate buffer of pH 
6.6 in a colorimeter tube. The solution is allowed to stand for 5 
minutes, and a reading is made with Filter 635, after the gal- 
vanometer is first adjusted to 100 with a blank tube containing 


The photoelectric colorimeter and all accessories such as filters and 
absorption test-tubes can be obtained from the Rubicon Company, 29 
North Sixth Street, Philadelphia. 
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water only. The optical density’ is recorded as Z;._ 1 drop of the 
neutralized sodium cyanide is then added to the solution to con- 
vert any MHb into MHbCN, and after 2 minutes a second read- 
ing (2) is made with the same filter and blank tube. The differ- 
ence (L, — L,) is proportional to the concentration of MHb. The 
solution, which up to this time will have been very slightly turbid, 
is now cleared for the SHb determination by addition of 1 drop 
of concentrated ammonium hydroxide, and a reading (L3) is made 
with Filter 620 and a blank tube containing water only. Finally 
2 cc. of the solution are pipetted into a second colorimeter tube 
containing 8 cc. of M/15 phosphate buffer of pH 6.6 and 1 drop of 
20 per cent potassium ferricyanide. The tube is allowed to stand 
for 2 minutes in order to allow all the HbO, to be converted into 
MHb; then 1 drop of 10 per cent sodium cyanide is added to con- 
vert the MHb into MHDbCN for the total hemoglobin determina- 
tion. At the end of 2 minutes a reading (1,4) is made with Filter 
540 and a blank tube containing 10 cc. of water and 1 drop each 
of 20 per cent potassium ferricyanide and 10 per cent sodium 
cyanide. The concentrations of the various hemoglobin deriva- 
tives are calculated from the following equations in which 7’, M, 
and S represent gm. per 100 cc. of blood of total hemoglobin, 
MHb, and SHb respectively.’ 


100 X Ly 
T= ——~ 
2.38 = 
100 (La — Ia) 
Mae 2 
2.77 < 
~@5XM+44XT 
g = 1000 X In - 8.5 X M+ 4.4 X 7) @) 


100 


? Throughout this paper the symbol L will be used to refer to the approzi- 
mate optical density which is measured when one uses the photoelectric 
colorimeter, instead of a spectrophotometer which measures the true 
monochromatic optical density. With the filters used by us, however, 
the L value of a solution behaves just like the true optical density in that 
it is directly proportional to the concentration of the colored substance, 
and may therefore be used in the equation L = K X C where K is a constant 
and C is the concentration of the colored substance. 

? At the conclusion of the hemoglobin determination there remain 8 
ec. of diluted blood which may conveniently be used for the determina- 
tion of sulfanilamide by a simple photoelectric modification of the method 
of Marshall (4). 
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The value for T obtained from Equation 1 is not strictly accurate 
when the blood contains SHb, because it is not possible to convert 
SHb into MHbCN with the reagents used. Fortunately this 
error is not very serious, because the absorption (at 540 my) of 
the compound formed from SHb by the action of ferricyanide is 
almost as great (78 per cent) as that of a corresponding amount of 
MHDbCN. Since the error introduced in the total hemoglobin 
determination is directly proportional to the concentration of SHb, 
the true value of 7 may be calculated from the formula 


Corrected T = T (calculated from Equation 1) + 0.22 x S_ (4) 


The concentration of oxyhemoglobin is obtained from the equa- 
tion 
HbO, = corrected T — (M + 8S) (5) 


The numerical values of the calibration constants which appear 
in the above equations apply only to the particular type of photo- 
electric colorimeter used by us, but the form of the equations will 
be the same for all photoelectric colorimeters, and no difficulty 
should be encountered in adapting the method to some other in- 
strument. 


Results 


Data on the accuracy of the determination of the various hemo- 
globin derivatives are summarized in Table I. The measure- 
ments were made on artificial mixtures of known amounts of pure 
solutions of the individual pigments. Pure SHb was not avail- 
able but solutions containing about 70 per cent SHb were pre- 
pared, and the concentration of SHb as determined by the method 
of Drabkin and Austin (2) was used in calculating the concentra- 
tion of SHb in the final mixtures. From this data the following 
conclusions may be drawn. 

Total Hemoglobin--When no SHb is present, the error of this 
determination does not exceed 0.2 gm. per 100 cc. When Equa- 
tion 4 is employed to correct for the systematic error due to the 
presence of SHb, the error from this source can be kept below 0.4 
gm. per 100 ce. even when the concentration of SHb is as high as 
6 gm. per 100 ce. The highest concentration of this pigment 
which we have observed in four cases of sulfhemoglobinemia caused 
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by sulfanilamide is 1.1 gm., and in five cases of sulfhemoglobin- 

emia due to other causes 2.5 gm. per 100 ec. 
Methemoglobin—The error in this determination does not exceed 

0.2 gm. per 100 cc. and is usually about 0.1 gm. The lower 


TaBLe I 


Accuracy of Analyses of Mixtures Containing Oryhemoglobin, Methemoglobin, 
and Sulfhemoglobin, with and without Addition of Other 
Non-Hemoglobin Pigments 


All values are given in gm. per 100 cc. of blood. 


Oxyhemoglobin | Methemoglobin | Sulfhemoglobin Total hemoglobin 
Calculated | Measured Calculated Measured , Calculated | Measured | Calculated | Measured 





98 | 97 | 02 | 0.3 0.0 0.1 | 10.0 | 10.1 
76 | 7.4 | 2.4 | 2.5 | 0.0 0.0 | 10.0 | 9.9 
5.8 | 56 | 42 | 4.2 0.0 0.1 | 10.0 9.9 
05 | 05 | 95 | 95 | 0.0 0.0 10.0 | 10.0 
82 | 83 | 12 | 14 | 06 | 0.5 10.0 | 10.2 
80 | 7.9 | 0.3 03 | 17 | 16 | 100 | 9.8 
at ee | te ot ae | ae) he ll ee 9.8 
4.4 4.6 21 | 2.0 3.5 | 3.7 | 10.0 | 10.3 
2.2 1.8 1.8 16 | 60 | 6.2 | 10.0 9.6 
9.8 9.6 | 0.2 0.2 | 0.0 | 0.1 | 10.0 9.9* 
9.8 9.7 0.2 0.1 0.0 | 0.0 | 10.0 | 9.8 
9.8 | 10.0 0.2 0.1 0.0 0.1 10.0 | 10.2t 
4.4 4.3 21 | 2.2 | 3.5 3.7 10.0 | 10.2* 
4.4 45 |“31 | 19 | 3.5 3.6 | 10.0 | 10.0t 
4.4 46 | 21 21 | 3.5 | 3.7 | 10.0 | 10.43 


* Evans’ blue was added to blood in a concentration of 1.5 mg. per 100 cc. 
This corresponds to 5 times the maximum concentration used in the deter- 
mination of blood volume by the method of Gibson and Evans (5). A 
patient who had received this amount of dye would be intensely cyanosed. 

t To a sample of this blood was added the purple pigment obtained by 
exposing a solution containing 10 mg. of sulfanilamide per 100 ce. to the 
sun for 60 minutes. This pigment is either identical with or at any rate 
closely related to the pigment which occurs in the blood of patients receiving 
sulfanilamide, and the amount added in this experiment was sufficient to 
produce a much greater degree of cyanosis than is seen clinically. 

t Phenolsulfonephthalein was added, 0.5 mg. per 100 ec. of blood. 


limit of sensitivity is about 0.2 gm. per 100 cc., and this limit is 
partially due to the slow spontaneous formation of MHb which 
occurs when a 100-fold dilution of blood is allowed to stand. 
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Since the measurement is based on the difference of two optical 
densities, the accuracy is not affected by the presence in the 
solution of other pigments, even if they absorb light at 635 mu, 
as long as their absorption is not altered by addition of cyanide. 
Sulfhemoglobin—The sensitivity of the method is about 0.1 
gm. per 100 cc. It is difficult to make an estimate of the absolute 
accuracy of the determinations, since the value of the calibration 
constant which appears in Equation 3 is obtained from the ad- 
mittedly approximate data of Drabkin and Austin (2). It is 
probable, however, that the error in the concentration of SHb does 
not exceed 10 per cent of the value obtained by the above pro- 
cedure. The reproducibility of the determination is almost as 
good as that of the total hemoglobin and MHb measurements, 
and the absolute accuracy can easily be improved at any future 
time if a method of preparing pure SHb should be discovered. 
Effect of Extraneous Pigments—By the method described above 
any pigment which absorbs light at 620 mu (other than the hemo- 
globin derivatives themselves which are allowed for in Equation 3) 
will obviously be measured as sulfhemoglobin. A negative SHb 
test is always reliable, but a false positive test might conceivably 
be obtained on a blood which contained some other colored sub- 
stance. This possibility is particularly important in the blood 
of patients receiving sulfanilamide, because this substance fre- 
quently gives rise in vivo to blue- and purple-colored derivatives 
which produce intense cyanosis. Fortunately, however, the 
interfering effect of such substances is almost entirely eliminated, 
since the blood is diluted 100-fold before the colorimetric measure- 
ments are made. Table I shows that the addition to blood of 
amounts of blue dyes several times greater than that required to 
produce alarming cyanosis has no appreciable effect on the accu- 
racy of the determinations; therefore it seems fairly safe to conclude 
that the specificity of the method is adequate for use in human 
blood. If necessary, it might be possible to remove the interfer- 
ing substance by using washed red blood cells instead of whole 
blood for the determination. It is recommended, however, that 
all bloods giving a positive SHb test be examined spectroscopically 
for the 620 my band which is not affected by addition of cyanide 
and shifts its position when the blood is equilibrated with carbon 
monoxide. As an illustration of the satisfactory use of the method 
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in clinical investigation, it might be mentioned that in over 100 
photoelectric examinations of blood from patients receiving sul- 
fanilamide (in whom the indication for requisitioning the deter- 
mination was obvious cyanosis) only four positive SHb tests were 
obtained (0.3 to 1.1 gm. per 100 cc.), and none of these was a false 
positive, since all four were confirmed spectroscopically. The 
incidence of methemoglobinemia was much higher, practically 
all the patients showing at least a trace of methemoglobin, but the 
amounts found were usually of the order of 0.5 to 1.5 gm. per 100 
ec., and in only five cases over 2.5 gm. per 100 cc. The complete 
lack of correlation between the MHb concentration and the in- 
tensity of the cyanosis shows clearly that the usual cause of the 
cyanosis is the presence of colored derivatives of the sulfanilamide 
itself. Since this latter type of cyanosis is capable of masking that 
due to MHb completely, the determination of MHb is still of defi- 
nite value, because methemoglobinemia may undoubtedly reach 
serious proportions in certain cases. 


SUMMARY 


1. A simple photoelectric method is described for the deter- 
mination of oxyhemoglobin, methemoglobin, and sulfhemoglobin 
on a single 0.1 cc. sample of blood. 

2. The determination of methemoglobin is subject to an error 
of not more than 0.2 gm. per 100 ce., and this also represents the 
smallest amount which can be detected with certainty. 

3. As little as 0.10 gm. of sulfhemoglobin can be detected, but 
the absolute accuracy of the measurement is somewhat less than 
that of the methemoglobin determination. 
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THE ISOLATION OF ESTRONE SULFATE FROM THE 
URINE OF PREGNANT MARES 


By BENJAMIN SCHACHTER anp GUY FREDERIC MARRIAN 


(From the Department of Biochemistry, University of Toronto, 
Toronto, Canada) 


(Received for publication, September 23, 1938) 


In an earlier communication (1), the present authors stated that 
they had obtained, by the fractionation of butanol extracts of the 
urine of pregnant mares, an amorphous water-soluble preparation 
containing about 40 per cent of chromogenic estrogen (calculated 
as estrone), which gave positive tests for inorganic sulfate after 
acid hydrolysis, and which did not contain glucuronic acid. It is 
the purpose of the present communication to describe in detail the 
methods employed for the preparation of such concentrates, and 
to report the isolation from one such preparation of a crystalline 
substance which has been satisfactorily identified as the potassium 
salt of estrone sulfate. 

Throughout this work, the estrogen content of the urine speci- 
mens and of the various fractions obtained therefrom was deter- 
mined by the colorimetric method of Cohen and Marrian (2), 
either directly, as was possible with some of the more purified 
concentrates of the conjugated estrogens, or after acid hydrolysis 
and extraction of the free estrogens. It is questionable whether 
the colorimetric method gives reliable values when applied to 
extracts, such as are obtained from mare urine, which contain a 
number of different estrogens, and therefore the figures reported 
for the “‘estrogen content (calculated as estrone)’’ of the various 
fractions must not be considered as being strictly quantitative. 
In spite of its limitations, however, the colorimetric method proved 
itself to be a satisfactory guide for the elaboration of purification 
procedures, and its use enabled the final object of this research 
to be achieved. 

It was found that the free and conjugated chromogenic estro- 
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gens in pregnant mare urine could be readily extracted by means of 
butanol. Shaking such butanolic extracts with aqueous sodium 
hydroxide solutions was found to remove considerable quantities 
of unwanted impurities but little estrogen. This behavior of the 
conjugated estrogens in pregnant mare urine is in marked contrast 
to that of the estriol glucuronide in human pregnancy urine which 
is readily extracted from butanolic solutions by aqueous alkalies. 
Impurities such as benzoic acid, free estrogens, and other uncon- 
jugated ether-soluble compounds were then removed by thor- 
oughly washing with ether the slightly acidified aqueous solution 
of the residue obtained by evaporation of the alkali-washed buta- 
nolic extract. The fraction containing the conjugated estrogens 
was recovered from the ether-washed aqueous solution by extrac- 
tion with butanol, and evaporation of the butanolic extract after 
washing with sodium hydroxide and water. It was found to be 
advisable to conduct the removal of ether-soluble impurities as 
rapidly as possible and at a low temperature in order to minimize 
hydrolysis of the conjugated estrogens in the acid medium. A 
further degree of purification was achieved by dissolving the 
ether-insoluble, water-soluble material in chloroform with the aid 
of a small volume of ethanol, and extracting the solution with 
water. Considerable amounts of material remained in the chloro- 
form phase, while the conjugated chromogenic estrogens were 
nearly quantitatively extracted. 

Fractions obtained by the processes described above assayed 
from 15 to 65 per cent by weight of chromogenic estrogen (cal- 
culated as estrone). They were invariably amorphous, but varied 
in appearance greatly from batch to batch, being on some oc- 
casions white and powdery and on others deeply pigmented and 
gummy. The further concentration of the conjugated estrogens 
in such fractions proved to be a matter of very great difficulty. In 
some batches, precipitation with barium chloride from aqueous 
solution, followed by conversion of the precipitated barium salts 
into potassium salts, effected a considerable purification. In other 
batches this process appeared to be quite ineffective. From most 
batches it was found possible to remove a certain quantity of 
material with a very low chromogenic value by crystallization of 
the mixed potassium salts obtained directly from the sodium salts 
or by way of the barium salts. This procedure did not result in 
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any considerable concentration of the conjugated estrogens, but 
it was usually resorted to, since the material so removed was 
crystalline and appeared to be a nearly pure compound. The 
nature of this substance is now being studied in detail. 

After removal of this compound, “crystallization” from etha- 
nolic solution by the addition of ether was sometimes resorted to. 
In certain batches this procedure yielded white granular material 
of a high chromogenic content. In other batches, this procedure 
resulted in the formation of gels, the further treatment of which 
presented many difficulties. 

From one batch of concentrate which had been subjected to all 
these procedures, a small amount of crystalline material was iso- 
lated, which melted over a range of 233-242° and which was shown 
to contain 74 per cent of chromogenic estrogen. It gave a nega- 
tive Tollens test for glucuronic acid but after treatment with 
dilute hydrochloric acid it gave a positive test for inorganic sul- 
fate. All the remaining material was used for a quantitative 
determination of organic sulfate. The result closely agreed with 
that required for the potassium salt of estrone sulfate. The 
ether-soluble material yielded in the hydrolysis for the sulfate 
determination was recovered and purified by sublimation in a 
high vacuum. It melted at 238° with the formation of a bright 
red color. It gave a positive Zimmermann (3) ketone test, and 
gave carbon and hydrogen analyses in close agreement with those 
required for estrone. The formation of the red color at the melting 
point suggested that the compound might be equilenin (Girard 
et al. (4)) or estrone contaminated with considerable quantities 
of that substance. However, the product gave a color in the Voss 
(5) test indistinguishable from that given by pure estrone, in- 
dicating that traces only of equilenin were present. There is no 
doubt therefore that the substance isolated was a slightly impure 
specimen of the potassium salt of estrone sulfate. 

The procedures described in this paper provide a satisfactory 
method for obtaining partially purified concentrates of the water- 
soluble conjugated estrogens in mare urine. It must be admitted, 
however, that the methods employed for the isolation of estrone 
sulfate from such concentrates are still far from satisfactory, since 
they are not invariably effective and the yield is poor. The results 
submitted in this paper prove that the pregnant mare may con- 
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jugate estrone with sulfuric acid before excretion, but they do not 
exclude the possibility that conjugates of other types may also be 
excreted. 


EXPERIMENTAL 


Concentration of Conjugated Estrogens by Distribution between 
Butanol and Sodium Hydroxide Solution—3 volumes of 150 ml. 
each from the same sample of pregnant mare urine were treated 
respectively in the following manner. (a) The urine was acidified 
to pH 1.0 and allowed to stand at room temperature for 1 week to 
permit of hydrolysis of the conjugated estrogens. The hydrolyzed 
urine was then assayed for ether-soluble chromogenic estrogen by 
the usual Cohen-Marrian technique. A value corresponding to a 
total of 8.7 mg. of estrogen was obtained. (b) The urine was 
acidified to pH 3.0 and extracted four times with 50 ml. portions 
of butanol. The extract after being washed with water was 
evaporated to dryness, and the conjugated estrogens in the residue 
hydrolyzed by allowing it to stand in contact with 100 ml. of 0.1 
N hydrochloric acid for 1 week. An assay of the ether-soluble 
estrogen in the mixture gave a value of 7.5mg. It was therefore 
clear that the greater part of the total conjugated estrogen in the 
urine had been extracted by the butanol. (c) The urine was 
extracted with butanol as in (b). The extract after being washed 
with water was extracted six times with 50 ml. portions of N so- 
dium hydroxide solution. The alkaline extract was then acidified 
to pH 1.0 and allowed to stand for 1 week in order to hydrolyze 
any conjugated estrogens present. An assay in the usual manner 
showed that the alkali had removed only 0.6 mg. of estrogen from 
the butanol. ‘ 

Distribution of Alkali-Washed Butanol-Soluble Fraction between 
Water and Ether—16 liters of urine obtained from a mare at the 
8th month of pregnancy were extracted three times with 5 liter 
portions of butanol. The combined extracts were washed three 
times with 1.5 liter portions of N sodium hydroxide, three times 
with 1 liter portions of water, and evaporated to dryness. The 
product weighed 18.4 gm. and gave a colorimetric assay corre- 
sponding to an estrogen content of 4.0 gm. This material was 
dissolved in 350 ml. of water and cooled in ice; the pH was adjusted 
to 3.0 with dilute hydrochloric acid, and the solution extracted 
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three times with 100 ml. portions of ether. The ethereal extract 
on evaporation yielded 2.3 gm. of solid which was found to contain 
40 mg. of free chromogenic estrogen. This was discarded. The 
aqueous phase from the ether extraction was extracted four times 
with 120 ml. portions of butanol, and the extract so obtained, 
after being washed once with 50 ml. of N sodium hydroxide and 
three times with 50 ml. portions of water, was evaporated to dry- 
ness. The residue weighed 5.8 gm. and gave a colorimetric assay 
corresponding to 2.5 gm. of estrogen. 

Distribution between Chloroform and Water—The final product 
obtained as described above was dissolved in 15 ml. of ethanol, 
and to the solution were added 200 ml. of chloroform. This mix- 
ture was then extracted five times with 35 ml. portions of water, 
and the combined aqueous extracts washed once with 50 ml. of 
chloroform. The chloroform-washed aqueous extract, on ex- 
traction with butanol and evaporation of the extract, yielded 
3.3 gm. of material which gave a colorimetric assay corresponding 
to 2.15 gm. of estrogen. 

Isolation and Identification of Potassium Salt of Estrone Sulfate— 
The material used was obtained from 9 liters of urine collected 
from a mare at the 8th month of pregnancy, by the methods of 
concentration described in the preceding sections. After solution 
in 30 ml. of water, saturated barium chloride solution was added 
until no more precipitate formed. The mixture was cooled in ice 
and the brownish, slightly gummy precipitate was filtered off and 
washed with ice-cold water. 

The mixed barium salts so obtained were dissolved in 200 ml. 
of butanol, and after the solution was made slightly acid with 
dilute hydrochloric acid, it was washed once with 50 ml. of N 
potassium hydroxide and three times with water and evaporated 
to dryness. The mixed potassium salts obtained in this manner 
weighed 1.69 gm. and gave a colorimetric assay corresponding to 
0.49 gm. of estrogen. 

This material was then heated with 100 ml. of acetone and 2 ml. 
of water. A small amount of dark colored solid remained undis- 
solved. This was filtered off and since it proved to be insoluble 
in both water and ethanol, it was discarded. The aqueous acetone 
solution was evaporated to dryness and the residue was extracted 
three times with 30 ml. portions of acetone to which a few drops 
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of water had been added. The insoluble material was again dis- 
carded. On slow evaporation of the aqueous acetone extract 
under a stream of nitrogen on the water bath, a small amount of 
white crystalline material separated out. After chilling, this was 
filtered off. A further quantity of similar crystalline material was 
obtained from the filtrate by further concentration. A total of 22 
mg. of these crystals was removed in this way. Since the material 
gave a colorimetric assay corresponding to only 5 per cent of es- 
trogen, it was set aside for future investigation. 

After this crystalline substance was removed as completely as 
possible, the aqueous acetone solution was evaporated to dryness. 
The residue was dissolved in a small volume of ethanol and ether 
was added to the solution until a faint cloudiness was produced. 
This was redissolved by warming and the solution was stored over- 
night in the ice box. The white, gelatinous precipitate that 
separated was filtered off, washed with alcohol-ether, dried, and 
finally dissolved in the minimum quantity of butanol. After 
standing overnight in the ice box the small quantity of a white 
crystalline substance which separated out was filtered off, washed, 
and dried. This material weighed 6.5 mg. and melted over a 
range of 233-242° with some preliminary sintering. A colori- 
metric assay showed it to contain 74 per cent of estrogen (theoret- 
ical for K estrone sulfate is 69.6 per cent estrone). It gave a nega- 
tive naphthoresorcinol test for glucuronic acid, and a positive 
test for sulfate after heating with dilute hydrochloric acid. 

A quantitative determination of the content of =SO, sulfur was 
carried out in the following manner: 6.196 mg. in a small beaker 
were dissolved in 5 ml. of water. To the solution were added 2 
ml. of n hydrochloric acid and 0.5 ml. of 10 per cent barium chlo- 
ride solution, and the mixture was then evaporated to dryness on a 
boiling water bath. The residue was transferred to a piatinum 
micro-Gooch crucible, washed with water, ethanol, and 1 per cent 
hydrochloric acid, and subsequently treated in the usual manner 
as recommended by Pregl. 


6.196 mg. gave 3.645 mg. BaSO, 
CisH2,0;s8SK. Calculated, =SO, sulfur 8.26; found, —SO, sulfur 8.08 


From the filtrate after the removal of the barium sulfate in the 
sulfur determination, the material liberated by the acid hydrolysis 
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was recovered by ether extraction after heavily diluting with 
water. The ethereal extract, after being washed with aqueous 
sodium carbonate and water, was evaporated to dryness. The 
small residue was purified as far as possible by sublimation at a 
pressure of 0.01 mm. and 130°. The product melted at 238° with 
preliminary sintering and with the formation of a bright red color. 
A colorimetric assay showed it to contain 97 per cent of estrogen 
(calculated as estrone). It gave a color in the Voss test indis- 
tinguishable from that given by the same weight of pure estrone. 
The Zimmermann ketone test was positive. 


0.941 mg. gave 2.743 mg. COs», 0.701 mg. H,O 
CisHwO,. Calculated, C 79.99, H 8.15; found, C 79.49, H 8.29 


SUMMARY 


1. A method for the preparation of concentrates of the water- 
soluble conjugated estrogens in the urine of pregnant mares is 
described. The products so obtained may have an apparent 
chromogenic estrogen content (calculated as estrone) varying 
from 15 to 65 per cent. 

2. From one such concentrate has been isolated a small amount 
of a water-soluble crystalline substance that has been satisfac- 
torily identified as the potassium salt of estrone sulfate contam- 
inated with traces of equilenin. 


The authors are deeply indebted to Dr. N. E. McKinnon and 
Dr. R. D. H. Heard of the Connaught Laboratories and 
Dr. R. J. Christie and Professor H. D. Branion of the Ontario 
Agricultural College for their willing cooperation in arranging for 
supplies of mare urine. They also wish to make grateful acknowl- 
edgement to The Banting Research Foundation for a personal 
grant to one of them (B.8.), and to Miss Dorothy Skill who carried 
out all the microanalyses reported in this paper. 
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GIZZARD EROSION IN CHICKS* 
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(From the Department of Biochemistry, College of Agriculture, 
University of Wisconsin, Madison) 


(Received for publication, September 12, 1938) 


The existence of a dietary factor necessary for the normal de- 
velopment of the gizzard lining in young chicks has been reported 
previously from this laboratory, and it has been designated the 
anti-gizzard erosion factor (1-3). Assays of various plant and 
animal materials showed pig lung, liver, and kidney to be good 
sources, and oats, bran, and middlings to be superior to other 
grain products and much superior to corn. Green plant material 
such as dried grass and alfalfa leaf meal proved to be poor sources. 
Attempts to extract the active substance with water, ethyl al- 
cohol, ether, and petroleum ether were uniformly unsuccessful, 
but dilute alkali removed the factor from lung tissue and acidifica- 
tion precipitated it along with the acid precipitable proteins. A 
reticulin preparation from lung tissue also proved to be potent, 
and this finding led to experiments with other connective tissues, 
among which cartilage proved most effective. Since chondroitin 
prepared from cartilage had been used in the treatment of stomach 
ulcer in humans by Crandall and Roberts (4), it appeared logical 
to try its effect on gizzard erosion. A preliminary report on its 
effectiveness has been presented previously (5). It is the purpose 
of this paper to describe these experiments in greater detail. 

Almquist and Stokstad (6) and Almquist (7) have also described 
gizzard lesions in chicks fed a ration of polished rice, ether-ex- 
tracted fish meal, ether-extracted brewers’ yeast, salt, Wesson oil, 
and cod liver oil. They have reported prevention of erosion by 
the administration of hexane extracts of alfalfa leaf meal, kale, 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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wheat bran, and hemp-seed. They stated further that the active 
substance was present in the saponifiable fraction of hexane ex- 
tract of alfalfa leaf meal. Numerous attempts on our part to 
repeat these results have served merely to confirm our original 
conclusion that alfalfa leaf meal is a very poor source and that 
the factor is not extractable by hexane from wheat bran or from 
any of the other materials which we have found to be good sources. 
These experiments have been performed not only with basal 
rations developed here, but also with the ration used by Almquist. 
Recently Almquist (8) has reported that bile, cholic acid, desoxy- 
cholic acid, sodium glycocholate, and sodium taurocholate pos- 
sess gizzard factor potency. 





EXPERIMENTAL 


For the most part the details of the experimental procedure were 
the same as described previously, except that groups of five or six 
chicks were used, and all chicks were killed at 4 weeks of age. The 
practice of using small groups of chicks has been continued, since 
it permits a greater number of experiments; however, it necessi- 
tates the repetition of experiments yielding apparently significant 
results. 

Table I gives the basal rations used in these experiments. 5 
per cent of granite grit was added to these rations, in some cases 
during the last 2 weeks, and in some cases during the last 3 weeks 
of the experiment. All chicks were irradiated under a quartz 
mercury vapor lamp at a distance of 18 inches once a week, and 
given 10 mg. of either oleum percomorphum or haliver oil per 
chick per week. The oleum percomorphum contained 60,000 
vitamin A units (v.s.p.) and 8500 vitamin D units (v.s.p.) per 
gm. The haliver oil contained not less than 50,000 vitamin A 
units (v.s.p. XI) and not less than 850 vitamin D units (v.s.p. XI) 
per gm. The composition of Salts I and the method of preparing 
the casein have been described previously (9). Two liver extracts 
were used, both being by-products of the preparation of anti- 
pernicious anemia factor. They were obtained from The Wilson 
Laboratories.'_ The brewers’ yeast was obtained locally and 
dried. 


1We are indebted to Dr. David Klein of The Wilson Laboratories, 
Chicago, for the liver extracts, cartilage, and chondroitin used in these 


experiments. 
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Most of the experiments reported here involved the feeding of 
Ration 465. Ration 466 was formulated in an attempt to secure 
better growth without reducing the severity of gizzard erosion. 
Previously published results were based on experiments with 
rations very similar to Ration 465, except that they contained 10 
per cent of peanuts and no alfalfa leaf meal. Experience showed 
that peanuts were quite variable in their content of the anti- 
gizzard erosion factor, so the use of these rations was discon- 
tinued. 

Table Il gives a summary of the results obtained. Both the 
cartilage and the chondroitin were furnished by Dr. David Klein 
of The Wilson Laboratories. The chondroitin was a mixture of 


TABLE I 


Composition of Rations 


Ingredients Ration 465 Ration 466 

Dextrinized corn-starch. . 64 57 
Reprecipitated casein at — 18 18 
Salts I... - Te 5 5 
Brewers’ yeast....... ed l | 
Liver extract 2 2 
Yellow corn + 5 
Wheat bran, heated at 120° for 24 hrs. 5 
Alfalfa leaf meal bag odes 10 5 

9 


Soy bean oil. 
chondroitin and chondroitinsulfuric acid containing some protein 
and mineral impurities. It strongly reduced Fehling’s solution, 
probably indicating the presence of breakdown products of chon- 
droitin. From this material the calcium chondroitin sulfate prep- 
aration was made by first treating with fullers’ earth a solution 
of chondroitin in 0.2 nN HCl, removing the fullers’ earth by centri- 
fuging, precipitating the chondroitin with 2 volumes of 95 per 
cent ethyl alcohol, filtering, redissolving in water, and subse- 
quently precipitating with 1 volume of alcohol in the presence of 
acetic acid and excess of calcium acetate. The product was 
washed with successive portions of 50 per cent, 95 per cent, and 
absolute alcohol, and anhydrous ether. Later it was found ad- 
vantageous to convert the material to the calcium salt before 
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Tasie II 


Results of Assays for Anti-Gizzard Erosion Factor — 
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|Average Averag 
ite ee] 
rue so 
Basal Ration 465 
gm. gm. 
None | g2 | 103 | 2 | 
10% cartilage | 123 | 158 | 13 
None | 80} 9] 0 
Hexane* extract — 10% cartilage 81 107 | 0 
residue 10% “ | 114 | 147 | 6 | 
None | 82] 105 | 2 | 
3% chondroitin (Wilson) | 97 | 122 | 6 | 
None | 82) 104 | 8 
5% chondroitin (Wilson) 8 | 112 | 16 | 
None 74 | 100 | 0 | 
Hexane* extract — 5% chondroitin 71 | 9/| 1 
“residue = 5% ” 88 | 116 | 6 | 
None 67 | 81 | 2 
3% chondroitinsulfuric acid (Meyer) 83 | 99 | 6 
None | 72 85 | 2 
3% Ca chondroitin sulfate prepara- | 84 | 110 | 6 
tion | 
0.2 gm. per day Ca chondroitin sul- | 87 | 107 | 4 
fate preparation 
2% chondrosamine 59 | 74! 2 
None | g0 | 99 | 0 
3% galactose | 83 | 105 | 2 
“Basal Ration 466 
1% © ond wer oil + 3% sheshailie ex- | 14 96 0 
tract of rice bran 
Same + 3% chondroitin (Wilson) 92 125 4 
None 87 | 113 1 
3% chondroitin (Wilson) 101 128 5 
2% aldobionic acid preparation from | 102 | 131 | 5 
gum arabic 
1% sodium glycocholate 80 | 106 | 5 
1% “taurocholate 83 | 116 | 3 
0.5% cholic acid 101 | 140 | 5 
Ox bile — 2% solids 93 | 129 | 5 
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treatment with fullers’ earth. The resulting preparation gave 
no biuret test and only a very slight Fehling’s test. The results 
of analysis were as follows: N 2.85, 8 5.33, Ca 5.73, ash 24.43 per 
cent. Nitrogen was determined by the Gunning modification of 
the Kjeldahl method, sulfur by sodium peroxide fusion and sub- 
sequent conversion to BaSO,, and calcium by the method of the 
Association of Official Agricultural Chemists for calcium in a 
mineral feed. The calculated composition of chondroitinsulfuric 
acid completely converted to the calcium salt is: N 2.77, 8 6.31, 
Ca 7.90, ash 26.8 per cent. The results indicate a mixture of the 
calcium salts of chondroitinsulfuric acid and chondroitin, rela- 
tively free of protein and mineral impurities. 

The chondrosamine was prepared according to the method of 
Levene (10) from a barium salt prepared in a manner similar 
to that for the calcium salt described above. 

The aldobionic acid preparation was made from gum arabic 
by the method of Heidelberger and Kendall (11), except that the 
acid was not crystallized. The product was reprecipitated twice 
and then fed as the syrup, which probably contained besides the 
glucuronogalactose some free glucuronic acid and some higher 
polymers. 

Chondroitinsulfuric acid was prepared from cartilage by the 
method of Meyer and Smyth (12), except that the final precipita- 
tion in glacial acetic acid was omitted. Some difficulty was en- 
countered in obtaining sufficient material for feeding. 


DISCUSSION 


The data in Table II afford ample support for the conclusion 
that chondroitin possesses gizzard factor potency. The difficulty 
of preparing very pure chondroitin makes it equally difficult to 
rule out the possibility of impurities accounting for the activity, 
but the following evidence may be cited as bearing on this pos- 
sibility. In the first place, the protein-free calcium salt was 
more effective than the crude chondroitin from which it was pre- 
pared; secondly, extraction with hexane removed no potent mate- 
rial; and thirdly, two methods of preparation of chondroitin from 
cartilage yielded active material. 

Aside from the possibility of impurities, there is also the ques- 
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tion as to whether a part of the chondroitin molecule would be 
effective. Chondrosamine may be ruled out on the basis of the 
data given in Table II, and the related sugar, galactose, also 
proved inactive. The glucuronic acid portion of the molecule has 
not been adequately tested. Prior to the experiments described 
here, glucuronic acid was fed at a level of 0.2 per cent of the ration, 
because it was known to be a constituent of various connective 
tissues. This relatively low level showed no activity, and higher 
levels have not been tried. The possibility that free glucuronic 
acid added to the ration may be destroyed before being assim- 
ilated by the chick requires consideration, since this is a rather 
labile compound. Of particular interest are the results of the 
feeding of the crude aldobionic acid fraction from gum arabic. 
This finding requires further investigation with a larger number of 
chicks, but the very definite effect obtained here would seem to 
indicate that glucuronic acid is involved in the gizzard erosion 
problem. Here also the possibility of impurities must be consid- 
ered, but it does not seem very likely that the same impurities 
would be present in this preparation as in chondroitin. It is of 
interest to note that Crandall and coworkers (4, 13, 14) have 
pointed out the likelihood that glucuronic acid is the effective 
portion of the chondroitin molecule in alleviating gastric ulcer in 
humans and in promoting weight gains and improved nutrition 
in Eck fistula dogs. Manville et al. (15) have produced a glu- 
curonic acid deficiency in rabbits by administration of menthol 
and have stated that, “Ulcerative and hemorrhagic defects were 
commonly found in the stomach, duodenum, gall bladder, and 
small and large intestine.”’ 

The apparent potency of the aldobionic acid preparation is also 
of interest in that it offers a possible explanation of the effective- 
ness of such plant materials as oats and bran in preventing giz- 
zard erosion. The potency of the animal tissues which have been 
tried could be explained on the basis of their chondroitin content, 
but so far as we know, chondroitin has not been reported in plants. 

The limited amount of data available on bile compounds is 
presented in confirmation of Almquist’s recent report. Aside 
from the similarity in the lesions observed these data constitute 
the first evidence for the identity of the deficiencies observed by 
the California workers and by us. The data are not sufficiently 
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extensive to warrant conclusions as to the comparative effective- 
ness of these compounds. The use of bile in the treatment of 
peptic ulcer has been discussed recently by Emery and Schnitker 
(16). They found that it relieved the symptoms in a number of 
cases but concluded that their data were such as to exclude the 
use of desiccated ox bile as a specific cure for this disease. The 
possibility of a physiological relationship explaining the activity 
both of chondroitin and of bile would appear to be a very interest- 
ing one from the standpoint of further research. The effect of 
chondroitin in promoting weight gains in Eck fistula dogs ob- 
served by Crandall et al. may indicate such a relationship. Also 
it is well known that the liver plays a part in glucuronic acid 
metabolism, at least to the extent that detoxication by conjuga- 
tion with glucuronic acid occurs there. As might be expected, 
the chicks receiving bile and bile compounds gave evidence of 
marked stimulation of bile secretion. The gallbladders were 
much enlarged and distended with bile. Further, it is common 
knowledge that bile contains mucin, which may explain on a 
chemical basis the protective activity of chondroitin and bile or 
bile salts. 

The growth of the chicks in these experiments, as indicated in 
Table II, appears worthy of some comment. Almquist and 
Stokstad have made the statement that gizzard erosion does not 
affect growth. Our previous results led us to the opposite con- 
clusion, although there was a possibility that growth differences 
were affected by complicating factors. Table Il shows that, 
with the exception of the sodium glycocholate and taurocholate, 
every supplement preventing gizzard erosion also improved 
growth, although in some cases the differences were small and 
perhaps not significant. It seems likely that improvement in the 
basal ration to eliminate the possibility of other deficiencies 
would result in greater growth differences. A number of cases of 
the type of paralysis we have associated with vitamin B, de- 
ficiency were observed (17) and in nearly all cases these chicks 
were very much stunted in growth. As an example the group 
receiving Ration 466 + 3 per cent chondroitin may be cited. The 
average weight at 4 weeks given in Table II is 128 gm.; but if one 
chick weighing 55 gm. and exhibiting severe paralysis be elimi- 
nated, the average is raised to 143 gm. It is also of interest that 
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this was the one chick in the group showing marked gizzard 
erosion. 


SUMMARY 


Chondroitin preparations are effective in preventing gizzard 
erosion in chicks. Such animal tissues as have been found effec- 
tive probably owe their potency to their chondroitin content. 

The chondrosamine portion of the chondroitin molecule is not: 
effective. The evidence that glucuronic acid is the active portion 
of the molecule is presented and discussed. 

Confirmation is offered for Almquist’s recent report on the 
activity of bile and bile compounds. 
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Greenwald and Lewman (1) described a method in which the 
protein and carbonic acid of blood are removed by picric acid, so 
that the alkali of the proteinates and bicarbonate is replaced by 
an equivalent of alkali picrate, which is measured. The picric 
acid precipitates the protein and frees the CO,, which is boiled 
off from the filtrate. The alkali picrate is measured as total picric 
acid minus free picric acid, and represents the buffer alkali of the 
proteinates and bicarbonate, called ‘titratable alkali’ by Green- 
wald and Lewman. 

As will be shown later, the “buffer alkali’’ measured by the 
picrate method includes nearly the total buffer alkali of plasma, 
but only about 80 per cent of that in the whole blood, the re- 
mainder being chiefly in the form of alkali salts of organic phos- 
phates in the cells. The picric acid method nevertheless gives a 
useful measure of the alkali in the more important buffers of the 
blood. 

Greenwald and Lewman titrated the excess picric acid with 0.01 
or 0.005 n NaOH to end-points with several indicators—methyl 
red, phenol red, and thymolphthalein. The total picrate was 
estimated either gravimetrically as nitron picrate or by titration 
with titanous chloride. Sumner and Hubbard (2) subsequently 
used dinitrosalicylic in place of picric acid, since the former can 
be determined colorimetrically. The use of dinitrosalicylic acid 
has the disadvantage, however, that the titration of the acid to a 

* This article is an abridgment of a thesis submitted to the Graduate 


Faculty of New York University by 8. H. Rubin in partial fulfilment of the 
requirements for the Degree of Doctor of Philosophy. 
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fixed end-point (phenol red) is less exact than the corresponding 
titration for picric acid. We have, therefore, retained the latter 
as the precipitant of choice. 

For the estimation of the small amounts of total picrate found 
in the “filtrate” from 0.1 ml. of blood, titration with dilute safra- 
nine solution in the presence of chloroform, as suggested by Cas- 
tiglioni (3) was found to be accurate and rapid. Safranine reacts 
with picrates to form a reddish brown precipitate of safranine 
picrate which is moderately soluble in chloroform. Safranine and 
the alkali picrates are insoluble in chloroform. Bolliger (4) has 
similarly used methylene blue for the estimation of picrates. In 
parallel titrations with both dyes, we obtained sharper end-points 
with safranine. 


Method 


Solutions Required— 

1. 0.1 per cent (about 0.003 Mm) safranine. 1.00 gm. of safra- 
nine is dissolved in 1 liter of water at room temperature and fil- 
tered. A few drops of chloroform are added as a preservative. 
When kept in a dark bottle, this solution retains its titer towards 
picric acid indefinitely. When exposed to diffuse daylight in a 
stoppered burette, it is stable fora month orso. The sample used 
in this work was labeled “Safranine O, Schultz 679” (National 
Aniline). This number refers apparently to the 1914 edition of 
““Farbstofftabellen;”’ in the edition of 1931, the number is 967. 
Rowe (5) classifies it as No. 841. 

2. 1.2 per cent picric acid. Picric acid usually contains 10 per 
cent of added water. Dissolve 13.2 gm. of such picric acid in 
hot water in a liter volumetric flask, cool, and dilute to the mark. 

3. 0.005 n NaOH, prepared daily by dilution of 0.1 n NaOH 
with CO,-free water. 

4. 0.03 per cent potassium oxalate, prepared daily by dilution 
from a stock 3 per cent solution adjusted to pH 7.4. 

5. 0.01 per cent phenol red, prepared according to Clark (6). 

6. Chloroform. 


Technique 


Receivers for the blood are prepared by pipetting 1.00 ml. of 
0.03 per cent oxalate (Procedure A) or of water (Procedure B) into 
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3 ml. centrifuge or test-tubes. Semiautomatic capillary pipettes 
of the type described by Levy (7) have been found to be conven- 
ient at this and subsequent steps in the procedure where precise 
measurement of small volumes is required. 

Collection of Blood. Procedure A—When only minimal amounts 
of blood are available, the samples are taken directly from the site 
of puncture into Folin microsugar pipettes (8) and transferred to 
receivers containing 0.03 per cent oxalate. With reasonable 
speed of operation, duplicate and often triplicate samples may be 
collected from a single incision. Application of moderate pres- 
sure to facilitate the flow of blood does not impair the accuracy 
of the results. 

Procedure B—When 0.3 to 0.5 ml. (6 to 10 drops) of cutaneous 
blood can conveniently be collected, the sample is taken into a 
small test-tube containing 1 mg. of dry, neutral oxalate (prepared 
by evaporating 0.03 ml. of 3 per cent oxalate to dryness at 40—-50°). 
0.1 ml. samples of blood collected in this fashion are then pipetted 
into receivers containing exactly 1.00 ml. of water. For either 
Procedure A or B, the usual precautions regarding rinsing of the 
blood pipette should be observed. 

Preparation of Centrifugate—Exactly 0.5 ml. of 1.2 per cent pic- 
ric acid is added to the laked blood. The tube is stoppered with a 
clean rubber stopper or a cork which has been extracted with warm 
water, and shaken vigorously. Removal of the CO, formed by 
the action of picric acid on the blood bicarbonate is effected by 
alternate shaking and removal of the stopper for a few seconds. 
CO, determinations on bloods treated this way showed that negli- 
gible amounts remain after three or four shakings. After centrif- 
ugation, the supernatant fluid is taken into a 1 ml. pipette pro- 
vided with a cotton plug. Adjustment to the mark is made after 
removal of the cotton and careful wiping of the pipette tip. The 
sample is then transferred to a test-tube (50 & 10 mm.) provided 
with a pour-out. 

Titration of Free Picric Acid—After the addition of 0.01 ml. of 
0.01 per cent phenol red, the contents of the tube are titrated with 
0.005 n NaOH to the first appearance of a definite orange color 
(pH 7.3). The end-point is readily recognized by comparison 
with an untitrated tube held against a white background. Day- 
light or light from a daylight lamp is essential. The titration usu- 
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ally requires at least 0.2 ml. of the alkali, which may be measured 
with sufficient accuracy from a 1 or 2 ml. Koch microburette 
graduated in 0.01 ml. and capable of being read to 0.002 ml. A 
fine tip delivering 100 drops per ml. should be used. 
Titration of Total Picrate—10 ml. of chloroform are poured into a 
; glass-stoppered, French type separatory funnel having a total 
capacity of 50 ml. (15 ml. in the stem, 35 ml. in the bulb). The 
titrated blood filtrate is poured carefully into the separatory fun- 
nel and followed by four rinsings of the titration tube with 0.5 ml. 
portions of water. The transfer is not hazardous if the titration 
tube has a well rounded pour-out. The safranine solution is 
added from a 2 ml. microburette graduated in 0.01 ml., with oc- 
casional shaking of the separatory funnel to permit solution of the 
precipitated safranine picrate in the chloroform. Near the end- | 
point, frequent renewal of the chloroform is necessary to avoid a | 
premature end-point owing to the appreciable solubility of | 
safranine picrate in water (0.0048 gm. per cent at 18° (3)). The 
end-point is taken as the first appearance in the aqueous layer of a 
pink color which is uneztractable by fresh chloroform. Under 
these conditions, the end-point can be duplicated with a deviation 
of less than 1 per cent in repeated titrations of the same material. 
The titration usually requires 1 to 2 ml. of 0.1 per cent safranine. 
About 35 to 50 ml. of chloroform are used in each titration. This 
may be collected in a large bottle over CaCl, and distilled when a 
sufficient quantity has accumulated. 
Standardization of Safranine—For the standardization of the 
safranine, a dilute picric acid standard, about 0.003 M, is required. 
This may be prepared conveniently by dilution from the 1.2 
per cent (about 0.05 m) picric acid, after standardization of the 
latter by titration with standard alkali to a phenol red end-point. 
Towards methyl] red, picric acid behaves strictly as a monobasic 
acid, the calculated value being obtained on titration with NaOH. 
Titration to phenol red, however, requires 1.020 milliequivalents 
of base per mm of acid. No correction in the safranine titer is 
necessary if the dilute picric acid standard is prepared as described. 
Calculation— b = 16,000 ((ac) — (de)) where b = buffer 
alkali, in milliequivalents per liter of blood; a = ml. of safranine; 
c = normality of safranine; d = ml. of alkali; e = normality of 
NaOH (usually 0.005 n). 
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EXPERIMENTAL 


Greenwald and Lewman used a dilution of 1:10 throughout 
their work and showed that at this dilution the buffer alkali is 
not affected by large variations in the amounts of oxalate or picric 
acid used, nor by alterations in vitro of the CO, content of the 
blood. In the course of the present study, it was found that with 
increasing dilution there occurs a progressive increase in the ob- 
served value of the buffer alkali when the ratio of volumes of 
picric acid to volumes of blood is kept low. Thus, 6 volumes of 1 
per cent picric acid or 5 volumes of saturated picric acid will suffice 


Taste I 
Effect of Dilution on Apparent Concentration of Buffer Alkali and Other 
Constituents of Normal Human Blood (Venous) 
The results are reported in milliequivalents per liter, except for acid- 
soluble P which is measured in mo per liter. 

















Origi- Dilution of filtrate 
Constituent determined Material nal & an ste S whe ee 
| blood | 4:7 | 10 | 1:25 | 1:40 
Buffer alkali. 4 Blood 36.9 37.5) 40.6) 42.4 
i  ctheawee Plasma, venous 43.8 | 44.0 45.1 
Total base.. a Blood 132 136 | 134 | 133 
Chloride. . = 80.8 83.3) 81.2 
Non- -protein N.. ” 26.4) 26.0 
Amino N........ cf “ 7.0 7.2; 6.9 7.0 
Peptide N....... 3 2.9 3.0} 2.9) 2.8 
Acid-soluble P.. ail - 7.2| | 6.0 





In these experiments, a constant ratio of 6 volumes of | per cent picric 
acid to 1 volume of whole blood was maintained. The effects of an in- 
crease in this ratio at the greater dilutions on the values of the buffer alkali 
and acid-soluble phosphate are discussed in the text. 


for the complete precipitation of the proteins and lipids in 1 vol- 
ume of normal human blood at any dilution up to about 1:40, but 
the apparent value of the buffer alkali is about 5 milliequivalents 
higher at the latter dilution than at 1:10 (Table I). Differences 
of this magnitude were observed in human blood (defibrinated, 
oxalated, or heparinized) as well as in defibrinated pig and beef 
blood. Values derived from analyses of the filtrates obtained at 
different dilutions are given in Table I. 
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The data show differences of about 3 per cent in total base, 
chloride, and non-protein nitrogen between 1:10 and 1:40, but 
these differences can undoubtedly be ascribed to a “protein 
volume displacement” effect; z.e., the precipitated proteins occupy 
a definite volume which actually diminishes the volume of the 
filtrate and so increases the concentration of solutes, notably at 
the lower dilution. Increasing the dilution from 1:10 to 1:40 
decreases the apparent cation concentration (total base) found by 
3 milliequivalents per liter of whole blood while the anions, chlo- 
ride and acid-soluble P, are decreased by 2.1 and 1.2 mM, respec- 
tively. If the acid-soluble P is estimated to represent 1.9 equiv- 
alents of acid per mole of P (Table IV) the anion decrease in 
milliequivalents is estimated as 2.1 + 2.3 = 4.4, or 1.4 milli- 
equivalents more than the total base decrease. This decrease 
in Cl plus organic P would therefore suffice to cause an increase 
of 1.4 milliequivalents in the alkali picrate of the whole blood 
filtrate. The observed increase in alkali picrate caused by the 
high dilution was, however, greater; viz., 424 — 37.5 = 4.9. 
There must be factors involved other than those considered in 
Table I, but the nature of these is not at present apparent. Elec- 
trometric (glass or quinhydrone electrode) titrations showed that 
neither the ionic strength nor the initial pH of the filtrate is sig- 
nificant in this respect. 

When 8, instead of 6, volumes of 1 per cent picric acid are used 
in preparing the 1:40 filtrate, the difference (1.2 mM) in acid- 
soluble P is found to be completely abolished, and the difference 
in buffer alkali reduced from 5 to about 3 milliequivalents. 

The following methods were used to obtain the data given in 
Table I. 

Total base was determined by the method described by Peters 
and Van Slyke (9), with the difference that the benzidine sulfate 
was weighed on a microbalance. 

Chloride was determined gravimetrically as AgCl' and volu- 
metrically by the procedure of Sunderman and Williams (11). 


1 Greenwald and Gross (10) found that the silver chloride precipitated 
from picrie acid filtrates of whole blood was contaminated with yellow 
purine-silver picrate, containing adenine and hypoxanthine. The purine- 
silver picrate was soluble in concentrated HNO, and changed to an in- 
soluble form in NH;. The AgCl precipitates observed in the present 
work were free from this contaminant since (1) they were white, (2) they 
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Acid-soluble P was determined by the method of Fiske and Sub- 
barow (12); a yellow filter (Jena GG11) was used in the color- 


imeter. 

Non-Protein Nitrogen—Aliquots of the blood filtrates were con- 
centrated to a suitable volume and then acidified with H.SO,. 
After removal of the picric acid with benzene in a continuous ex- 
tractor, the water-clear extract was submitted to a micro-Kjeldahl 
determination. Since the estimation of non-protein nitrogen 
was indirect, amino and peptide nitrogen were also determined; 
the procedure of Hiller and Van Slyke (13) was followed closely 
in urea-free filtrates. 


Comparison of Direct and Indirect Estimates of the Buffer Alkali 


As a check on the accuracy of the method of Greenwald and 
Lewman, the buffer alkali of the arterial blood and plasma of 
five normal young men was estimated both by this method and by 
summation of the base bound by the individual buffers. Avail- 
able data permit a more accurate estimate of the latter in arterial 
than in venous blood. 


After anesthetization of the wrist with 1 per cent novocaine, 40 ml. of 
blood were drawn, with anerobic precautions, into a syringe containing 
0.1 ml. of a 4 per cent solution of colorless, ‘‘double strength’’ heparin. 
The blood was transferred over mercury to a 50 ml. sampling bulb and 
mixed. For separation of the plasma, 15 ml. were centrifuged under 
paraffin. The following estimations were made in duplicate or triplicate 
on the whole blood.? 


lost no weight when washed with HNO,, (3) they were completely soluble 
in NH;, (4) the volumetric determinations agreed with the gravimetric 
within 1.5 per cent. The source and age of the bloods used in the experi- 
ments of Greenwald and Gross were not specified. It is possible that in 
bloods which are permitted to stand, the hydrolysis and deamination of 
adenylpyrophosphate liberates sufficient adenine and hypoxanthine to 
account for the observations of these authors. It should further be noted 
that in order to obtain correct results by the gravimetric method, it is 
essential that the silver chloride be washed with ether, since a small particle 
of undigested fat invariably remains after the usual treatment with hot 
nitric acid. This precaution was observed, though not noted, by Green- 
wald and Gross (personal communication from Dr. Greenwald). 

* The subscripts b, s, and ¢ refer to whole blood, plasma, and cells, 
respectively. The parentheses denote concentrations per liter of blood, 
plasma, or cells. 
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(Oz), and (CO,),—The procedure of Van Slyke and Neill (9) was followed 
on the manometric apparatus. 

O, Capacity—About 4 ml. of blood were equilibrated with air in a rotat- 
ing device for 25 minutes. 1 ml. samples were analyzed in the manomet- 
ric apparatus. Dissolved oxygen was estimated from the solubility factors 
of Sendroy, Dillon, and Van Slyke (14). 

Water (H,O),—2 ml. samples were weighed into Pyrex dishes containing 
sand and dried to constant weight at 100-105°. 

Buffer alkali (b,), by the macrogravimetric method of Greenwald and 
Lewman at a 1:10 dilution. The free picric acid was titrated in a quin- 
hydrone electrode to pH 7.30. 

Cell volume, V., in the Daland hematocrit tube, with the precautions 
given by Eisenman, Mackenzie, and Peters (15). 

The following determinations were made on the plasma. 

pH,, by the bicolor method of Hastings and Sendroy (16). The standard 
tubes were calibrated against Sérensen phosphate standards which had 
been checked with the hydrogen electrode. 

Proteins (P,)—0.5 ml. samples were submitted to a semimicro-Kjeldahl 
analysis. Non-protein nitrogen was taken as 25 mg. per 100 ml. 

(CO,),—1 ml. samples were analyzed in the Van Slyke apparatus. 

Buffer alkali, b,, as above for b». 

From the above, the following were calculated. 

(H,0),, from the equation of Eisenman, Mackenzie, and Peters (15), 
W, = 98.5 — 0.745 P,. 

(H,0)., from (H,O)», (H:O),, and V-. 

The distribution of H,CO; and BHCO; between cells and plasma was 
determined with the aid of the constants and equations given by Dill, 
Daly, and Forbes (17) and Dill, Edwards, and Consolazio (18). 


(CO,). 
(H,CO,), = ipt—K 4] 


(BHCO,), = (CO,), ™ (H,CO,), 


0, = _ C00. 
PCO: = 0 0334(H.0), 


(H,CO,), = (0.0334 (H,O),V, + 0.0362 (H,O).V.) pCO, 


(BHCO,). = (CO,). — aa ~ (BHCO)).V. 
(BHCO;). 
(H,CO,). 





pH. = pK. + log 
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pK: was taken as 6.04 (17), pK{ as 6.11 (17). 

BHb, the base bound by hemoglobin and other non-dialyzable anions, 
was estimated from Table VII of Adair (19). BP., the base bound by 
hemoglobin and other non-carbonate buffers, dialyzable and non-dialyzable, 
in the cells, was estimated by the empirical equations developed by Dill, 
Edwards, and Consolazio (18). BP,, the base bound by plasma pro- 
tein, was calculated by the equation of Van Slyke, Hastings, Hiller, and 
Sendroy (20). 


The data shown in Table II are in good agreement with other 
recent studies (18, 21) on the composition of normal human 
arterial blood. The values for (H;O), are somewhat higher and 
those for (H,O), somewhat lower than the data of Dill, Edwards, 
and Consolazio (18); this may be due to differences in methods. 

The comparative values of the buffer alkali as well as an es- 
timate of the total buffer alkali of whole blood are given in Table 
Ill. For both whole blood and plasma, the values obtained by 
the alkali picrate method are somewhat lower than those caleu- 
lated from the titration curves of carbonic acid and the proteins, 
the average differences being 2.7 and 1.5 milliequivalents per 
liter of blood and plasma, respectively. These average figures 
are of the same magnitude as the unexplained fraction of the 
difference in buffer alkali due to dilution, and suggest that values 
of the buffer alkali determined at about 1:40 would be more nearly 
correct. On the other hand, it must be noted, in so far as the 
whole blood figures are concerned, that the estimates of BHbO», 
the base bound by oxyhemoglobin, are probably too high. The 
determinations of Adair (19) were made of the entire non-dialyz- 
able constituents of the cells, which include, besides hemoglobin, 
other constituents which bind base. Corrections for the latter 
would reduce BHbO, and bring the calculated values of the buffer 
alkali (Table IIT) closer to those found by the picrate method at a 
1:10 dilution. 


Organic Cell Phosphates As Carriers of the Whole Blood Buffer 
Alkali in Excess of That Measured by the Picrate Method 


The total buffer of whole blood includes, besides the buffer 
alkali measured by the picrate method, the base bound by the 
non-hemoglobin buffers of the erythrocytes. These consist 
largely of the acid-soluble organic phosphate compounds, diphos- 
pho-l-glyceric acid (22), adenosinetriphosphate (23), and one 
or more hexosephosphates (24, 25). 
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Table IV contains two estimates of the base bound by these 
phosphate esters. The first estimate is based upon the data of 
Warweg and Stearns (26) who determined the phosphate com- 
ponents by a system of acid and enzyme hydrolysis. It has been 
noted by Bakwin, Bodansky, and Turner (27) and by Kerr and 
Antaki (28) that Warweg and Stearns overlooked the adenylic 


Tasie III 
Comparison of Titrated and Calculated Buffer Alkali in Milliequivalents per 
Liter of Blood or Plasma 


Dilution of blood, 1:10. 


Whole blood Plasma 
Steasbenete and proteinate Total buffer alkali Stertenstosed proteinate 
Subject 
Titrated | Ggiey- | Differ- | Calc. Differ- Caleu- | Differ- 
by picrat — . reer ace, Titrated oe . 
method | Mated® | (3y'%4)| latedt | gy tj) | NNO’ | Mateds | oye) 
(1) (2) (3) | (€) (5) (6) (7) (8) 
A.D. | 38.7 | 40.7 | 2.0 | 48.0 9.3 | 41.1 | 42.7 | 1.6 
S. R. 40.2 43.2 3.0 51.1 10.9 42.4 44.5 2.1 
M. M. | 38.1 40.2 2.1 47.8 9.7 41.2 42.6 1.4 
W.C. | 36.3 | 38.6) 2.3 | 46.1 | 9.8 | 40.2 | 41.1 | 0.9 
N.G. | 36.9 | 41.1 | 4.2 | 48.6 | 11.7 | 41.0 | 42.7 | 1.7 


Mean 38.0 40.7 2.7 48.3 | 10.: 


n~ 


| 41.2 | 42.7 | 1.5 


* Calculated as the sum of alkali in whole blood bicarbonate, plasma 
proteinate, and non-dialyzable cell anions, chiefly hemoglobin. BHb = 
alkali bound to Hb and other non-dialyzable anions. 6, = (HCO;), + 
V.(BP), + (BHb), (Table II and text). 

+ Calculated as the sum of alkali in whole blood bicarbonate, plasma 
proteinate, and total cell buffers; i.e., BP. = BHb + alkali in cell organic 
phosphates and other non-carbonate buffers of the cells, dialyzable and 
non-dialyzable. B, = (HCO,), + V.(BP), + (BP.)» (Table II and text). 

t Calculated as the sum of alkali in plasma bicarbonate and proteinate. 
b, = (HCO;), + (BP), (Table II and text). 


acid phosphorus of the adenosinetriphosphate fraction and there- 
fore underestimated the concentration of the latter. The cor- 
rected value appears in Table IV. The second estimate is based 
upon the data of Rapoport (29) and Guest and Rapoport (30) who 
determined glyceric acid by the method of Rapoport (29) and 
calculated phosphoglycerate therefrom. The remaining phos- 
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phorus is considered to be present largely as adenosinetriphos- 
phate. This fraction probably includes some phosphorus belong- 
ing to the triphosphopyridine nucleotide studied by Warburg, 
Christian, and Griese (31), but the concentration of this compound 
is not sufficient to affect appreciably the values cited in Table IV. 

The values of b’, the milliequivalents of base bound per mm 
of substance at pH 7.2, were taken from the following: for phos- 
phoglycerate, from the titration shown in Fig. 1 and discussed 
below; for adenylpyrophosphate, from Lohmann (32); for hexose- 
phosphate, from Meyerhof and Suranyi (33). Although the 
exact identity of the hexosephosphate in blood is unknown, the 
amounts of base bound by this component are relatively so small 


Taste IV 
Estimates of Base Bound by Organic Phosphate in Red Cells 





|Warweg and Stearns (26) Guest and Rapoport (30) 
® 


b’ at 

pH 7.2 | Phos- | Phos- | Base 

OF hat P hat 
| ay bound phate | | bound 
| m.eq. eq. 
Pere TEE) perk ("6,2 PN S| perl 
Diphosphoglycerate . . 3.82 | 14.4 | 2.32) 8.9| 10.6| 1.71) 6.5 
Adenylpyrophosphate . .. 3. 80 | 5.7* 0.61%, 2.3) 9.5) 1.02) 3.9 
Hexosephosphate _ 3.8 | 1.1% 0.2%) 0.8] 1.1) 0.2 0.8 








Total St 21.2 12.0 | 21.2 11.2 





* Corrected; see text. 


that little error is introduced by the use of the titration curve of a 
representative compound. The total base bound by all three 
substances amounts to 12.0 milliequivalents per liter of blood for 
Warweg and Stearn’s distribution, 11.2 milliequivalents for Guest 
and Rapoport’s. These figures agree favorably with the value 
10.3 (range 9.3 to 11.7) given in Table III, Column 5, as the mean 
difference between the total buffer alkali (calculated as described 
above) and the buffer alkali of the proteins and bicarbonate deter- 
mined by the picrate method. From this agreement, it may be 
inferred that the method of Greenwald and Lewman yields essen- 
tially correct values for whole blood at a dilution of 1:10. It is 
recognized that the calculations shown in Table IV are preliminary 
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in nature and would be vitiated if it should be shown subsequently 
that some of the base-binding groups assumed to be free occur in an 
esterified form in the blood. The stroma protein described by 
Jorpes (34) is isoelectric at pH 5.2, but it is present in too low 
concentration to bind appreciable amounts of base. The lipids, 
lecithin and cephalin, are zwitter ionic and do not bind base at 
physiological reactions (35-37). 


Titration of Diphosphoglyceric Acid 


The tribarium salt of diphosphoglyceric acid was prepared 
from fresh horse blood* by the method of Greenwald (22). Anal- 
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Fic. 1. Titration of diphospho-l-glyceric acid at 25° 


ysis of the preparation gave Ba 43.4 per cent (as BaSQ,), P 
13.03 per cent (as strychnine phosphomolybdate); calculated for 
Ba;(P2C3HsO0.0)2-H,O, Ba 43.1 per cent, P 12.97 per cent. The 
material contained 0.1 per cent nitrogen but gave a negative test 
for pentose with Bial’s reagent. The free acid was prepared 
by treating weighed amounts of the tribarium salt with an equiv- 
alent amount of 0.993 n H,SO, and filtering off the BaSO, formed. 
The filtrate was free from inorganic phosphate and sulfate. For 


* The Lederle Laboratories, Inc., at Pearl River, New York, kindly sup- 
plied the blood and facilities for deproteinization. 
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titration, the solution was diluted to about 0.0025 m and made 
0.1 m with respect to KCl. 20 ml. samples were titrated with 
CO.-free 0.1080 n NaOH in a bubbling hydrogen electrode. Two 
different preparations from the tribarium salt gave titrations that 
agreed within 0.04 pH unit in the acid range, within 0.07 pH in the 
alkaline range. The titration curve is shown in Fig. 1. The 
“corrected’’ equivalents of base, b’, were calculated with the for- 
mula of Simms and Levene (38). The ionic strength varied from 
0.11 at b’ 3.0 to 0.12 at b’ 5.0, which is within the range 0.10 to 
0.12 given by Stadie and Hawes (39) as the ionic strength per liter 
of red cells. By means of the formulas of Meyerhof and Loh- 
mann (40), pK’, was estimated to be 6.78 + 0.04, pK’; 8.14 + 0.05. 
The data are not sufficiently accurate for the estimation of the 
more acid groups. 

As a check on the electrometric procedure, several titrations 
were made of 0.01 m KH.PO, (Sérensen salt) made up in 0.1 m 
KCl. The mean value of pK’: was found to be 6.80 + 0.01, which 
is in good agreement with the figure 6.82 given by Cohn (41). 

After the work reported in this section had been completed, it 
was found that Kiessling (42) had titrated a preparation of diphos- 
phoglyceric acid made from pig blood. Although the two titra- 
tion curves are in fair agreement over the alkaline range, Kiessling’s 
estimates of pK’, (7.46) and pK’; (7.99) are significantly different 
from those given above (6.78 and 8.14, respectively). Since the 
Meyerhof-Lohmann formulas were used in both instances, we are 
at a loss to reconcile the difference. Our own estimates from Fig. 
2 of Kiessling’s paper indicate values in agreement with our own. 


Effect of Laking Blood 


Most of the determinations of the buffer alkali considered in 
the previous sections were made by the macrogravimetric method. 
This method was also used to obtain the data of Table V, wherein 
it is shown that laked and unlaked samples of arterial blood yield 
the same values, and that allowing laked specimens to stand up to 
30 minutes before adding picric acid does not affect the results 
appreciably. In collecting numerous samples for analysis by the 
micromethod, it often happens that the addition of picric acid is 
delayed for some time. 














S. H. Rubin 693 


Precision of Micromethod 


Sulfuric and lactic acids and sodium carbonate added to whole 
blood in vitro were recovered quantitatively (Table VI). 


TABLE V 
Effect of Standing on Buffer Alkali of Laked Human Arterial Blood 


The results are expressed in milliequivalents per liter of blood. 


Time laked, min. 


Subject 
1 10 15 20 30 
D. Unlaked 38.7 
Laked 38.5 38.5 38.3 38.1 
G. Unlaked 36.9 
Laked 37.4 37.0 37.2 36.9 


Taste VI 
Effect of Acid and Alkali Added in Vitro on Buffer Alkali of Blood 


The results are expressed in milliequivalents per liter of blood. 


Buffer alkali 
Blood 
Observed Calculated 

Beef (fresh).... 38.0 

* + 1.00 ml. 0.86 N lactic acid 29.9 29.4 

7 woe - 4", * veh 21.5 20.8 

‘* +41.00 ‘* 0.484 Nn Na,CO,; 42.4 42.8 

“« +2.00 *“ 0.484 * = 48.0 47.7 
Sheep (fresh) 43.4 

‘+ 1.00 ml. 0.484 n Na,CO; 48.5 48.2 

“ +2.00 “ 0.484 ‘ = 53.0 53.1 

“« +&1.0 “ 1.189” HS0,... 32.5 32.1 

wes * j,. ae 21.2 20.8 


The indicated quantities of acid or alkali were added to 100 ml. portions 
of blood, samples of which were then precipitated with picric acid. The 
results, which are the means of quadruplicate determinations (at a dilution 
of 1:16) show complete recovery of added acid and alkali. 


Comparative micro- and macroanalyses were made on finger- 
tip and venous specimens,‘ respectively, taken from thirty-nine 
‘I am indebted to Professor Ralli of the Department of Medicine for 


permission to draw these bloods as well as for the rats used to obtain the 
data of Table VII. 
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individuals. Of these, thirty-one were normal young men, and 
eight were patients with a plasma CO,-combining power below 
normal. The average difference between the individual means 
was + 0.5 milliequivalent, with a range of +1.0 (7.e., micro greater 
than macro) to —0.9, with about the same variation in the normal 
and abnormal groups. The difference was positive in seventeen 
instances, negative in twenty-two. With signs taken into ac- 
count, the mean difference was 0.1 milliequivalent or virtually 
zero, and hence the differences are probably not significant. This 
is borne out by calculation of ¢ according to Fisher (43); ¢ is 
equal to 0.79. For a probability of 0.01 (one chance in 100 that 
random sampling is responsible for the difference), the value of ¢ 


Taste VII 
Normal Values of Buffer Alkali in Whole Blood 
The results are expressed in milliequivalents per liter of blood. 














No. of Buffer alkali 
Species sub- (Source of blood| Method | j 
jects | Mean | Range | ¢ - 
Human....| 31 | Vein | Macro | 37.5 | 35.1-41.2 | 1.55 | 0.3 
“« _...| 31 | Finger-tip | Micro | 37.4 | 34.9-41.4 | 1.65| 0.8 
Rat...... 24 | Tail «“ | 37.8 | 35.8-40.7 | 1.27/ 0.8 








s is the standard deviation of the distribution = ./d?/(n — 1). 8’ is 
the standard deviation of variations from individual means. 


necessary to establish significance is 2.7 (by extrapolation from 
the value for n = 30 to n = 38 (Fisher (43) p. 139)). 

Normal values for man and for the white rat, together with 
estimates of variance, are summarized in Table VII. The stand- 
ard deviation of variations from individual means, s’, is given in 
terms of milliequivalents rather than as the usual percentage 
deviation, because the latter depends on the absolute value of the 
buffer alkali, while the former tends to be constant over a wide 


range. 

The rats used to obtain the data in Table VII were 3 to 4 months 
old and had been on a constant diet of Purina Dog Chow after 
being weaned. The observed values cover approximately the 
same range as normal human blood. In order to ascertain 
whether the slight struggling incidental to the collection of blood 
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from the tail influences the results, samples were taken from seven 
rats before and during urethane anesthesia (2 gm. per kilo by 
mouth). The results were not significantly different. Smith 
and Smith (44) found that urethane anesthesia did not influence 
the electrolyte pattern of rat serum. 


SUMMARY 


A method, based on that of Greenwald and Lewman, and de- 
signed for the rapid estimation of the buffer alkali in cutaneous 
blood, is described. An effect of dilution is pointed out and pos- 
sible causes are considered. There remains an unexplained dilu- 
tion difference of about 3 milliequivalents per liter of whole blood. 

Comparison of the base bound by the individual buffers in the 
arterial blood of normal men with the buffer alkali measured at a 
1:10 dilution indicates that the latter yields essentially correct 
values. This conclusion is also supported by the results of an 
estimate of the total available base by summation of the buffer 
alkali and the base bound by the phosphate esters of the red cells. 
In this connection, a titration curve of diphospho-1-glyceric acid 
is given. 


I am indebted to Professor 1. Greenwald for suggesting this 
problem and for his advice and criticism throughout the course of 
the work. 
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In the normal dog insulin, epinephrine, or an injection of a 
solution of glucose causes a marked decrease of the concentration 
of phosphate and potassium ions in the serum (3, 4). The close 
relation between carbohydrate and mineral metabolism indicated 
by these results suggested further investigation of the influence 
of carbohydrate metabolism on the distribution and excretion of 
inorganic ions in adrenalectomized dogs. 

The intravenous injection of a solution of 10 per cent glucose 
into normal dogs produced a mild diuresis without glycosuria; the 
excretion of potassium varied but was usually at a faster rate 
than before the injection. In no instance did the injection pro- 
duce weakness, prostration, or other toxic manifestation. The 
high blood sugar during the injection promptly decreased to hypo- 
glycemic levels within a few minutes after the injection was 
stopped, and the concentration of the potassium and phosphate 
in the serum returned approximately to their former values within 
2 or 3 hours. 

Adrenalectomized dogs that had been maintained in good con- 
dition with cortin or with the administration of sodium chloride 
and sodium citrate were injected for 3 hours with a solution of 10 
per cent glucose at the rate of 1 gm. per kilo per hour. They 
responded as normal dogs, provided the interval between the last 
administration of cortin or sodium salts and the injection of 
glucose was but a few hours. 

If the interval between the last administration of cortin and the 
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Fic. 1. Curves are labeled with the number of the dog at right and 
interval in days since the last administration of cortin at left. Curves ' 
may be identified by number of column and by position of curve numbered 
from the top. In Columns | and 2 “prostrated” and “not prostrated”’ 
refer to the condition 2 hours after the end of the injection. 

Column 1, Curve2. Treatment with 50 cc. of 5 per cent sodium chloride, 
50 cc. of 20 per cent glucose, and 15 cc. of cortin given at 3.5 hours. At 6 
hours 50 ce. of 5 per cent sodium chloride and 25 ec. of 20 per cent glucose 
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injection of glucose was as long as 5 days, the result was strikingly 
modified by the effect of cortico-adrenal insufficiency which had 
developed while the cortin was withheld. During the interval 





were given. The dog died at about 9 hours. Curve 4. The dog received 
1 gm. of potassium as dipotassium phosphate in the diet on each of 3 days 
during which cortin was withheld. At 4.5 hours the dog was completely 
prostrated ; 10 cc. of cortin, 100 ec. of 5 per cent sodium chloride, and 45 ce. 
of 20 per cent glucose were given. The dog made an uneventful recovery. 
Curve 6. The dog had been maintained 169 days without cortin but with 
6 gm. of sodium chloride, and 5 gm. of sodium citrate added to the diet, and 
0.5 per cent sodium chloride in the drinking water. The daily diet con- 
tained 0.8 gm. of potassium. The dog died without treatment 1 hour 
after injection was stopped. Compare with Column 3, Curve 6. This 
dog had been maintained 35 days without cortin but with 10 gm. of sodium 
chloride, 5 gm. of sodium citrate in the'diet, and 0.6 per cent sodium chlo- 
ride in the drinking water. For the preceding 14 days the diet contained 
350 mg. of potassium. 

Column 2, Curve 5. The dog had convulsions simulating those asso- 
ciated with hypoglycemia. The blood sugar was 25 mg. per cent; serum 
potassium 6.9 milliequivalents per liter. Curve 6. The dog was in estrus, 
which may have affected the response to the injection. The dog did not 
have convulsions. 

Column 3. All the dogs responded as did normal dogs except in the 
experiment represented in Curve 1. Anuria developed at the end of the 
injection. At 4 hours, | hour after the injection was stopped, the dog was 
completely prostrated and was given 10 cc. of cortin, 65 cc. of 5 per cent 
sodium chloride, and 0.5 cc. of 1:1000 epinephrine. At 5 hours the dog was 
nearly dead and was given sodium chloride, cortin, and glucose, but without 
effect; the dog died 15 minutes later. 

Column 4, Curve 1. Glucose and cortin only were given. Curve 2. 
Glucose and 100 cc. of cortin with 0.9 per cent sodium chloride were given. 
The injection produced glycosuria; 2.66 gm. of glucose were excreted. 

Column 5, Curve 1. The dog received 25 cc. of cortin with the glucose; 
all the other dogs received glucose only. No glycosuria was produced. 

The rise in the concentration of potassium during the interval when 
cortin was withheld is shown by the series of injections on Dogs 1, 2, 3, and 4 
during various stages of adrenal insufficiency. Dog 3 (Curve 4, Columns 2 
and 4) was in excellent condition and was the only dog which reacted as 
normal when injected with glucose alone. Glucose alone after 5 days with- 
out cortin (Column 1, Curve 1) produced a marked prostration associated 
with anuria but vigorous treatment revived the dog. The injection of 
glucose with sodium chloride was tolerated in the experiment represented 
in Column 3, Curve 4, but not in the experiment represented in Column 3, 
Curve 1. Failure to restore renal function was associated with a rapid 
and continuous rise in the concentration of potassium in the serum. 
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after the administration of cortin was stopped and the time of the 
injection of glucose there was a continuous increase in the con- 
centration of potassium and urea in the serum. 

Without exception the injection produced a decrease in the 
concentration of potassium in the serum, but the lowest value 
reached was higher than the corresponding value in normal dogs. 
Instead of a diuresis there was suppression of urine. Soon after 
the injection of glucose was stopped, the concentration of potas- 
sium in the serum increased to a higher value than in the norma! 
dog, and associated with the increase in the concentration of potas- 
sium were weakness, prostration, and death unless vigorous treat- 
ment was instituted. The injection of a solution of 5 per cent 
sodium chloride, glucose, and cortin usually was sufficient to 
overcome the prostration, and after a few days the dog was re- 
stored to a normal condition. 

Varying degrees of cortico-adrenal insufficiency were produced 
by changes in the length of the interval between the last adminis- 
tration of cortin and the injection of glucose. Marked differences 
in the rate at which cortico-adrenal insufficiency developed were 
observed among five dogs. With one dog (Column 1, Curve 3, 
Fig. 1) 24 hours without cortin were sufficient to produce as 
marked a deficiency as that which followed an interval of 3 to 5 
days without cortin in four other dogs. 

When a solution of 10 per cent glucose which also contained 0.9 
per cent sodium chloride was injected for 3 hours at the rate of 1 
gm. per kilo per hour into adrenalectomized dogs, they behaved 
as normal dogs. In each of six such experiments the injection 
decreased the concentration of potassium in the serum. Asso- 
ciated with five of the six injections there were diuresis and ex- 
cretion of potassium and the increase of potassium in the serum 
after the injection was stopped was neither rapid nor to a high 
value. In one of the dogs (Column 3, Curve 1) which had not 
been given cortin for 5 days previous to the injection, renal func- 
tion was impaired and could not be restored. The dog died 3.5 
hours after the injection was stopped. 

When cortin was given with the injection of glucose but with- 
out sodium chloride, the adrenalectomized dogs reacted as normal 
dogs. The diuresis and excretion were even more marked and the 
increase in the concentration of potassium after the injection was 
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stopped was both less rapid and to a lower level than in the normal 
dog. Five such injections into three dogs gave uniform results. 
In one dog to which large amounts of cortin were given glycosuria 
was produced. 

Three of twenty-three injections of 10 per cent glucose into 
adrenalectomized dogs terminated fatally. The results with one 
have been described; the other two dogs were both injected with a 
solution of 10 per cent glucose without sodium chloride or cortin. 
In one of the dogs (Column 1, Curve 2) the injection decreased the 
potassium in the serum but it rapidly increased when the injec- 
tion was stopped. There was complete suppression of urine 
which continued even after an intravenous injection of sodium 


Taste | 


Blood Urea, in Mg. Per Cent, in Dogs at Time of Injection of 10 Per Cent 
Glucose Solution at Rate of 1 Gm. per Kilo per Hour 





Curve No., Column No. 
position from | — = 


top of column | 1 2 | 3 4 
1 74 60 96 44 
2 | 86 54 | 48 34 
3 | 42 | 62 56 76 
4 | 188 a | | 60 _ 
5 89 | 41 46 50 
6 64 54 


24 





chloride and cortin. There were 12.7 milliequivalents per liter 
of potassium in the serum at the time of death. 

The third dog (Column 1, Curve 6) had been maintained with 
sodium chloride and sodium citrate but without cortin for 169 days 
prior to the injection of glucose. 2 hours after the start of the 
injection the concentration of potassium in the plasma had de- 
creased but 1 hour after the injection was stopped the dog became 
prostrated and died within 30 minutes without treatment. At 
the time of death the potassium in the serum was 6.1 milliequiv- 
alents per liter. 

Blood Urea—The values for the blood urea at the time of the 
injection of glucose are given in Table I. The blood urea, te- 
gether with the number of days during which cortin was withheld, 
furnishes information in regard to the degree of cortico-adrenal 
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insufficiency, although the concentration of urea was quite un- 
related to the response of the dogs to the injection of glucose. 

Blood Sugar—The initial blood sugar of the dogs used in the 
twenty-three injections represented in Fig. 1 ranged from 51 to 
105 mg. per cent: two were above 80 and five were below 60 mg. 
per cent. The injection of glucose in each dog caused an increase 
in the blood sugar: one was above 400, two were between 300 and 
400, eight were between 200 and 300, and seven between 100 and 
200 mg. per cent. The blood sugar | hour after the injection was 
stopped was below norma! in all experiments except that repre- 
sented in Column 1, Curve 6. During the injection the blood 
sugar in this dog rose to 488 mg. per cent and | hour after the in- 
jection was stopped it was 230 mg. per cent. The blood sugar in 
the other experiments, expressed in mg. per cent, was between 20 
and 30 in six, 30 and 40 in nine, 40 and 50 in six, and was 59 in 
the experiment represented in Column 4, Curve 4. The blood 
sugar remained low in only one experiment, shown in Column 2, 
Curve 5. 3.5 hours after the injection was stopped, the dog was 
in convulsions simulating those of insulin shock. This is the 
only experiment in which there were convulsions. The blood 
sugar was not associated with the severity of the weakness and 
prostration which were produced by the injection of glucose. In 
some experiments the blood sugar returned promptly to normal 
levels and in others it remained low for 2 or 3 hours but the pros- 
tration was not always associated with the low level of blood 
sugar and in many instances there was a low level of blood sugar 
without weakness or other symptoms. 

Sodium and Chloride in Serum—The injections of glucose with 
and without 0.9 per cent sodium chloride did not cause a change 
in the concentration of sodium and chloride beyond normal limits. 
In twenty of the twenty-three experiments the highest concentra- 
tions of sodium in the serum were between 135 and 148 milli- 
equivalents per liter. In two experiments they were slightly above 
and in one slightly below these values. The lowest concentra- 
tions of sodium in the serum were between 126 and 143 milli- 
equivalents per liter for twenty of the experiments; in one it was 
slightly higher and in two slightly lower. 

Variations of the same order were shown for the concentration 
of the chloride ion. In twenty experiments the highest values 
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were between 107 and 120 milliequivalents per liter, with three 
slightly below. The lowest values for twenty experiments were 
between 98.6 and 110 milliequivalents per liter, with one lower 
and two higher. 

The concentration of sodium and chloride in the serum was 
quite independent of the changes in urea, blood sugar, potassium, 
phosphates, or any symptoms of cortico-adrenal insufficiency. 

Concentration of Phosphate in Serum—In twenty-two of the 
twenty-three experiments the injection of glucose with or without 
sodium chloride or cortin caused a drop in the concentration of the 
phosphate ion which was followed in eighteen experiments by an 
increase in the level of phosphate after the injection was stopped. 
No determinations were made in the other four experiments but 
there is every indication that the phosphate consistently increased 
after the injection was stopped. The one experiment in which 
the phosphate did not decrease is represented in Column 1, Curve 
3. Since the blood sugar was lower in this dog during the injec- 
tion than in any other dog, there is no doubt that the utilization 
of glucose was rapid, and the most probable explanation for the 
failure to demonstrate a change in the phosphate is the fact that 
it was low, 2.3 mg. per cent, at the beginning of the injection. 
After the injection was stopped, there was an increase in the serum 
phosphate to 2.8 mg. per cent. The changes in the phosphate ion 
in the serum were associated with the decrease and increase in the 
potassium ion which were produced by the injection of glucose. 

Osmotic Pressure of Serum—Through the kindness of Dr. Roepke 
the osmotic pressure of the serum in thirteen of the experiments 
was determined by the method of Baldes (2). There were no 
consistent changes associated with the degree of cortico-adrenal 
insufficiency. The highest values were in the experiments repre- 
sented in Column 1, Curve 2, and Column 4, Curve 1. In each 
of these an osmotic pressure equivalent to 1020 mg. per cent of 
sodium chloride was determined. The lowest value, equivalent 
to 890 mg. per cent of sodium chloride, was found in the dogs that 
were injected with glucose and 0.9 per cent sodium chloride. 

Hematocrit Reading— Determinations of the hematocrit reading 
were made in thirteen of the twenty-three experiments. The 
lowest values, from 36 to 41 per cent, were found in the dogs 
injected with glucose alone and in which anuria was produced. 
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The highest readings, from 57 to 63 per cent, were found in the 
experiment represented by Column 1, Curve 2. This dog died, 
but in other experiments with almost as high a value, 58 and 59 
per cent (Column 1, Curves 1 and 4), the dogs became prostrated 
but were restored to normal with sodium chloride, cortin, and 
glucose. As would be anticipated from the work of Swingle and 
his coworkers (10), the hematocrit reading was highest in the dogs 
with the most marked cortico-adrenal deficiency but it is clear 
that the cause of the weakness and prostration is not an increase 
in the value of the hematocrit reading. The injection of glucose 
caused a slight decrease in the hematocrit reading and the value 
after the injection was stopped was but a little higher than that at 


TaBLe II 


Total Amount of Sodium and Potassium Excreted in Urine during 6 Hours 
after Beginning of 3 Hour Injection of Glucose and Cortin 














Dog No. | Weight | — | —— of Sodium Potassium | Cortin 
ko. ec. mg. mg. cc. 
2 15.6 1 | 213 | 10200 | S46 | 30 
2 15.5 1 | 963 | 132 | 1123 | 100° 
3 14.2 2 137 | 8s | 36 | 25 
3 16.0 | 0 433 391 | 392 | 23 
4 14.2 | 1 332 | s | o2 | 25 
4 13.8 5 210 | 1760 | 495 | 0* 
3 15.0 3 149 | )6«=68l S| «2202 |S 
* 0.9 per cent sodium chloride was added to the solution of glucose. 


the beginning of the experiment. This increase was accompanied 
by a decrease in the osmotic pressure of the serum. 

Excretion of Sodium and Potassium by the Kidney—Throughout 
these experiments the urine which was passed was collected at 
hourly intervals. The determination of sodium and potassium 
was of little significance if only 1 or 2 hourly samples were given 
by the dog because of the development of anuria. The experi- 
ment represented in Fig. 1, Column 2, Curve 4, is the only one of 
the first thirteen experiments whose results are shown in this 
figure during which anuria did not develop. It is difficult to in- 
terpret the influence of the injection of sodium chloride on the 
rate of excretion of sodium and chloride ions but the results of two 
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experiments are given for comparison. The dogs were injected 
with 10 per cent glucose at the rate of 1 gm. of glucose per kilo 
of body weight per hour for 3 hours. The curves representing 
the potassium in the serum can be found in Fig. 1 from the number 
of the dog and the days during which cortin had been withheld 
(Table II). 

Methods 


The methods used for the determination of the constituents of 
the blood and urine have all been given in a recent paper (3). The 
determination of the osmotic pressure was made with the method 
of Baldes. 


DISCUSSION 


The injection of glucose for 3 hours with and without sodium 
chloride or cortin produced in each experiment a decrease in the 
concentration of potassium in the serum. As long as there was 
active utilization of glucose, the potassium remained at the lower 
level but soon after the injection of glucose was stopped the con- 
centration of potassium in the serum increased. Normal dogs 
and adrenalectomized dogs treated with cortin or sodium chloride 
and sodium citrate were not affected by these changes but adren- 
alectomized dogs not treated with cortin or sodium salts became 
progressively more sensitive to the condition produced by the 
cessation of a continuous injection of glucose. 

Both sodium chloride and cortin favorably influenced the ex- 
cretion of potassium by the kidney (1, 5). The effect of sodium 
chloride and of cortin is without doubt exerted throughout all the 
tissues of the body but the important position of the kidney for 
the elimination of potassium should be pointed out (6, 8). The 
influence of cortin on the excretion of potassium was striking. 

In eleven of twelve injections when a 10 per cent solution of 
glucose alone was given to adrenalectomized dogs, suppression of 
urine occurred and in some dogs anuria persisted for several hours 
after the injection was stopped. In these dogs the concentration 
of potassium in the serum was higher than that of the dogs with 
diuresis and the only dogs which became prostrated and died were 
those with anuria. Improvement in the condition of the dog after 
the injection of sodium chloride and cortin was associated with the 
return of active renal function. 
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The one adrenalectomized dog that did not develop anuria 
during the injection of 10 per cent glucose (see Column 2, Curve 4) 
had received treatment with cortin except for the preceding 24 
hours. When cortin was withheld for 3 days before glucose was 
injected, the urine was completely suppressed and the dog became 
prostrated and continued in a critical state for several hours before 
renal function was restored. The injection of sodium chloride, 
cortin, and glucose followed by a transfusion relieved the pro- 
stration and the dog made an uneventful recovery. 

We have shown (8) that crystalline cortin-like Compounds A 
and B which were separated in this laboratory from the adrenal 
cortex possess qualitatively the physiologic properties of the “salt 
and water hormone” and the recent work of Long and his asso- 
ciates (9) has shown these same compounds to be diabetogenic in 
the partially depancreatized rat. The proof that the “salt and 
water hormone” and the agent which produces glycosuria are 
identical emphasizes the importance of mineral metabolism on 
the utilization of carbohydrate. In adrenalectomized dogs the 
essential chemical changes associated with carbohydrate metab- 
olism can proceed without the “salt and water hormone’”’ of the 
adrenal cortex, provided an adequate supply of sodium and 
chloride ions is available. In partially depancreatized rats, 
however, sodium chloride does not produce glycosuria (9). 

The probable influence of inorganic ions such as sodium and 
chloride is through osmosis, ion antagonism, and changes in the 
permeability of membranes, but how these same effects can be 
produced by cortin-like compounds has not been shown. 

The results of the injections of glucose which have been de- 
scribed indicate that in the absence of cortin or adequate amounts 
of sodium and chloride the experimental animal becomes highly 
sensitive to potassium. It therefore seems probable that cortin 
modifies the rate of some chemical change which involves potas- 
sium. When this chemical change fails, control of potassium 
metabolism also fails and the toxic effects of the potassium ion 
become evident. It should be emphasized, however, there is 
no definite concentration of potassium in the serum which is toxic. 
The essential chemical change which involves potassium metab- 
olism may fail and cause death without a marked rise in the con- 
centration of potassium in the serum. On the other hand, Keith 
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and Binger (7) have shown that the concentration of potassium 
may be raised to 11 milliequivalents per liter in the serum of 
normal persons without toxic effects. 

The effect of cortin on the excretion of potassium was clear and 
uniform: the largest amount of potassium was excreted when the 
largest amount of cortin was used. The effect of cortin on the ex- 
cretion of sodium was not uniform. The difference in the excre- 
tion of sodium in the two experiments on Dog 3 when cortin was 
used may be due to the difference in the interval after the last 
administration of cortin. When 100 cc. of cortin were added to 
the injection of Dog 2 the excretion of sodium was much greater 
than in Dog 3 without cortin, but the excretion of sodium in Dog 2 
was less than in Dog 4, which did not receive cortin. Sodium 
chloride, 0.9 per cent, was added to the solution of glucose in all 
three of these experiments. There is a difference in the time dur- 
ing which cortin was withheld from these three dogs, which is 
probably an important factor. 


SUMMARY) 


The influence of carbohydrate metabolism, cortin, and sodium 
chloride on potassium metabolism has been studied during the 
intravenous injection of a solution of 10 per cent glucose into 
adrenalectomized dogs for 3 hours at the rate of 1 gm. per kilo 
of body weight per hour. The injection of glucose with or with- 
out cortin or sodium chloride decreased the concentration of 
potassium in the serum. When either cortin or 0.9 per cent 
sodium chloride was added to the 10 per cent solution of glucose, 
there was a mild diuresis without glycosuria but potassium was 
readily excreted by the kidney. The injection of glucose alone 
at the same rate produced anuria. 

During each injection the blood sugar was high but after the 
injection was stopped the concentration of glucose usually de- 
creased to hypoglycemic levels. The decrease in the active util- 
ization of sugar was followed by an increase in the concentration 
of potassium in the serum. Associated with the increase of potas- 
sium in the serum there were weakness and prostration only in the 
adrenalectomized dogs that had been deprived of cortin for from 
1 to 5 days. Anuria developed in each of these dogs during or 
immediately following the 3 hour injection of glucose. After the 
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injection of glucose was stopped, weakness and prostration did 
not appear in any of the dogs in which there had been a diuresis. 

In these experiments sodium chloride appeared to be the full 
equivalent of cortin in respect to the excretion of potassium and 
the response of the adrenalectomized dog to an injection of glucose. 

The disposal of injected glucose can occur to the same extent 
and is associated with the same changes in the concentration of 
potassium and phosphate in the serum in adrenalectomized as in 
normal dogs. 

Of the constituents of the blood serum, only the concentration 
of potassium could be correlated with the symptoms of cortico- 
adrenal deficiency. The concentration of phosphate increased 
and decreased with the concentration of potassium but no con- 
sistent changes were found in the serum of sodium or chloride 
concentration, the osmotic pressure, or the hematocrit reading. 


We wish to express our appreciation to Miss Barbara Kennedy 
and Miss Lois Reardon for technical assistance in chemical analy- 
ses and to Mr. Donald Krockow for the injection of the dogs. 
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A BALANCE SHEET OF FAT ABSORPTION* 
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Sinclair, in 1935, fed elaidin to rats and found that elaidic acid 
replaces part of the normal phospholipid fatty acids of muscle 
and liver. The rates of entrance of elaidic acid into and disap- 
pearance from phospholipid are rapid in liver and slow in muscle 
(1). Sinelair also found elaidic acid in the phospholipids of the 
blood plasma of cats during elaidin lipemia. He believes that 
plasma phospholipid serves as a mechanism for the transportation 
of elaidic acid and therefore of ordinary fatty acids to the sites of 
utilization (2). The presence of elaidic acid in the phospholipids 
of the intestinal mucosa of the cat during the absorption of elaidin 
has also been shown by Sinclair and Smith (3). McConnell and 
Sinclair have reported the entrance of small amounts of elaidic 
acid into the phospholipids of rat brain (4). Haven has observed 
that the turnover of elaidic acid in the phospholipid of rat tumor, 
like that in muscle phospholipid, is a slow process (5). These 
studies indicate that further information may be gained concern- 
ing the metabolism of the fatty acids by the use of this unnatural 
isomer of oleic acid. In this investigation balance sheet studies 
of fat absorption, with elaidic acid as an indicator, have been 
carried out. 


* These studies are taken from a dissertation submitted to The Uni- 
versity of Rochester in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy, February, 1938. Part of this investigation was 
presented before the National Academy of Sciences at Rochester, New 
York, October 27, 1937 (Kohl, M. F. F., Science, 86, 447 (1937)). 
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EXPERIMENTAL 


Male rats, of Wistar strain, were raised from weaning on a calf 
meal diet formulated by Maynard (6) until a weight of 100 + 5 
gm. was reached. The rat was then fasted 15 hours to insure a 
postabsorptive state, after which a known amount of food was 
placed in the food cup and smooth paper placed under the cage to 
collect spilled food. Only those animals were used that ingested 
sufficient food, especially during the beginning of the feeding 
period, to insure an immediate maximum absorption. At the 
end of the feeding period the uneaten food along with the small 
amount that was usually spilled was dried in a desiccator and 
weighed. The amount ingested by the rat was obtained by differ- 
ence. In one series of experiments elaidin was the sole constit- 
uent of the diet. In another series the diet used was No. 262 
formulated by Sinclair (7) in which 40 per cent of the calories of 
the diet is furnished by elaidin, 34 per cent by cane-sugar, 18 per 
cent by casein, and 8 per cent by yeast. 

After the experimental absorption period the animal was 
sacrificed. The procedures followed in extracting and separating 
the lipids of the various tissues were essentially those used by 
Bloor (8) and Sinclair (9, 10). The acetone-soluble (neutral fat 
and cholesterol) and the acetone-insoluble (phospholipid) lipids 
of liver and carcass' were saponified and the fatty acids isolated 
and weighed. Iodine numbers were determined by Yasuda’s 
modification of the Rosenmund-Kuhnhenn pyridine sulfate 
dibromide method (11). 

The procedure used for the determination of elaidic acid in the 
solid fatty acids was based on the microprocedure outlined by 
Sinclair for the separation of solid from liquid acids (1, 10). The 
method was modified to permit the separation of amounts of 
mixed fatty acid varying from 100 to 25 mg. 9 cc. of alcohol per 
100 mg. of mixed fatty acid were used for the first separation and 
5 ec. per 100 mg. for the second. The solid fatty acids isolated 
were washed free from acid and lead, dried with Na2SO,, weighed, 
and the iodine number determined. Weights less than 10 mg. 
were checked by the Bloor oxidative method. The presence of 
small amounts of liquid unsaturated acids in the solid acids iso- 


! The term “‘carcass’’ is used to designate the body minus the liver and 
gastrointestinal tract. 
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lated is a difficulty that cannot be readily surmounted in the micro- 
or semimicrofractionation of liquid and solid acids. These so 
called ‘‘control’’ iodine numbers of the solid fatty acids of various 
tissue lipids in the rat obtained with our method are of the same 
magnitude as those obtained by the Sinclair procedure. The aver- 
age values for determinations on ten young rats raised on the calf 
meal diet are: carcass total lipid fatty acids 7 + 1,? carcass neutral 
fat fatty acids 7 + 1, carcass phospholipid fatty acids 8 + 1, 
liver phospholipid fatty acids 5 + 1, liver neutral fat fatty acids 
8+2. The elaidic acid in a given amount of fatty acid is esti- 
mated by multiplying the weight of the solid acids isolated by 
their iodine number, corrected for the control value, and then 
dividing by 90. 

To determine unabsorbed elaidic acid the gastrointestinal tract 
was freed of as much mesentery as was possible without tearing 
through the thin wall and split with forceps and probe in a large 
beaker. The ground up feces of the experimental period were 
also added. The unabsorbed fat was extracted with successive 
portions of cold ethyl ether. A small correction had to be made 
for the fat of the adhering mesentery and the tissue lipids ex- 
tracted by the solvent. This was done by determining the liquid 
acids present in the isolated fatty acids. Since the ratio of liquid 
to solid acids in normal rat fat was determined to be 72:28, the 
solid acids associated with these tissue liquid acids can be cal- 
culated. The sum of these two contaminating fractions sub- 
tracted from the total fatty acid isolated gives the unabsorbed 
elaidin fatty acid. The iodine number of the solid fatty acids 
also served as a check on the amount of contaminating tissue 
saturated acids in the elaidin fatty acids. In two experiments in 
which 100 mg. of elaidin were added to gastrointestinal tracts of 
rats in the postabsorptive state the recoveries of elaidin were 99 
and 101 mg. respectively. 

? The average deviation is used to express the experimental variation 
throughout this study. 

3 Cold alcohol was used at first but was found to have a greater solvent 
effect on the tissue lipids than ether. In Experiment II of these studies, 
in order that the amount of elaidic acid in the phospholipids of the gastro- 
intestinal tract could be determined, the lipids of the tract were extracted 
quantitatively with hot alcohol. The unabsorbed elaidin fatty acids were 
determined in the acetone-soluble lipids. This fraction consisted almost 
entirely of diet fat. 
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The method used in the preparation of elaidin by treatment of 
olive oil with N,O; was that of Sinclair (1, 2). The fatty acids 
of two batches prepared had iodine numbers of 72 and 74. No 
liquid acids could be detected. The fatty acids of the two lots 
of elaidin contain about 80 and 82.2 per cent elaidic acid, respec- 
tively, the remaining acid undoubtedly being palmitic acid. Inas- 
much as this saturated acid cannot be traced in the body, the 
balance sheet represents approximately 80 per cent of the fat fed. 

In Experiment I elaidin was fed ad libitum over a 1 hour period, 
the time of the initial eating of food being taken as the beginning 
of the absorption period. Twenty-four animals were used in 
determining the absorption curve of elaidic acid during the follow- 
ing 24 hour period. The tissues of fifteen of these rats were also 
analyzed for elaidic acid. In Experiment II Diet 262, containing 
elaidin as 40 per cent of the calories, was fed. Sixteen animals 
were used to determine the absorption and storage curves of elaidic 
acid during the first 24 hours of feeding. The rats were permitted 
to eat ad libitum Diet 262 throughout the entire period. The 
fatty acids of the elaidin fed in both experiments had an iodine 
number 72. The data for absorption and storage of elaidic acid 
in Experiment I are presented in Fig. 1. Fig. 2 shows the parti- 
tion between the various tissue lipids of the elaidic acid found in 
the bodies of typical animals chosen from Experiment I. Data 
for Experiment II are given similarly in Figs. 3 and 4. 


DISCUSSION 


In Experiment I (Fig. 1) a lag in absorption prior to the 9th 
hour is evident. This is undoubtedly due to the solid nature of the 
elaidin which must be liquefied prior to digestion and absorption. 
The absorption curve is linear despite the fact that the amount 
of diet fat remaining in the digestive tract is markedly lowered 
toward the end of the absorption period. Interestingly enough, 
Cori has shown that the absorption of glucose by the rat proceeds 
at a constant rate that is independent of the concentration of the 
solution given or the absolute amount of sugar in the gastrointes- 
tinal tract (12). 

An absorption lag is not present when protein and carbohydrate 
are fed along with the fat in Experiment II (Fig. 3). It was found 
in this series of animals that the liquefaction of elaidin was accom- 
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plished with considerable ease, since the solid particles of fat found 
in the stomach were small and few in number as contrasted to the 
large solid lumps found during the early course of the absorption 
period when elaidin alone was fed. The liquefaction of elaidin in 
Diet 262 is greatly influenced by the fine dispersion of the fat par- 
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Fic. 1. Experiment I. Rats fed elaidin over a 1 hour interval (except in 
the experiment indicated by checks, in which feeding was for 3 hours). 
The elaidin fatty acids contained 80 per cent elaidic acid. Unabsorbed 
elaidic acid is indicated as A, absorbed elaidic acid as @, and elaidic acid 
found in the tissues as O. 


ticles throughout the diet mixture, which prevents the fat from 
lumping, thus cutting down surface. That the emptying time of 
the stomach may also be shortened by the dilution of the fat with 
protein and sugar must also be considered. The absorption curve 
of elaidic acid in this experiment is linear. Since the animals ate 











714 Studies on Elaidin. I 


ad libitum, copious amounts of fat were present in the gastro- 
intestinal tract throughout the entire period. 

In Experiment I the amount of the absorbed elaidic acid found 
in the tissues is only a small part of that absorbed. When the 
rates of absorption and deposition of elaidic acid are calculated 
from the slopes of the experimental curves in Fig. 1, it is found 
that elaidic acid is absorbed at the rate of approximately 80 mg. 
per hour, of which 8 mg. are found in the tissues and 72 mg. have 
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Fic. 2. The partition of the elaidic acid found in the bodies of typical 
animals chosen from Experiment I (Fig. 1). The total tissue elaidic acid 
of the animal is represented by the entire bar and the elaidic acid in the 
various tissue lipids by the designated bars that make up the whole. 


disappeared. Large amounts of elaidic acid are found in the tis- 
sues in Experiment II despite the fact that the absorption rate is 
lower than that in Experiment I. The calculated absorption rate 
is approximately 61 mg. of elaidic acid per hour, of which 26 mg. 
find their way into the tissues and 35 mg. disappear. It is evident 
that fat is absorbed less rapidly when fed with protein and sugar 
than when fed alone. Irwin and others have reported similar 
data (13). 

The depot fat content of animals in Experiments I and II was 
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2.66 + 0.77 and 2.88 + 0.68 gm. respectively. A control value 
established on ten male rats raised on calf meal and weighing 100 
+ 3 gm. was 2.45 + 0.74 gm. of fatty acid. Thus the two ex- 
periments show a gross positive fat balance. Since the depots 
were in a state of positive balance, it appears that the fat ab- 
sorbed during the experimental period exceeded the demand of the 
tissues for fat to supply metabolic needs. The following con- 
clusion appears reasonable. The rat in the postabsorptive state 
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Fic. 3. Experiment II. Rats fed ad libitum Diet 262 which contains 
elaidin as 40 per cent of its calories. The elaidin fatty acids contained 80 
per cent elaidic acid. Unabsorbed elaidic acid is indicated as 4, absorbed 
elaidic acid as @, and elaidic acid found in the tissues as O. 


is burning fat which is being discharged from the depots into the 
blood in response to some as yet unknown metabolic stimulus. 
With the inflow of fat into the blood from the intestine following 
the feeding of elaidin, active mobilization of depot fat ceases and 
the absorbed fat is catabolized. A regulatory mechanism that 
stops the flow of fat from the depots when absorption of fat begins 
and stores the exogenousfat from the intestine that accumulates 
in excess of the tissue needs is suggested. In Experiment II, 
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in which the diet is normal in respect to protein and sugar, the 
elaidic acid deposited in the tissues is greatly increased despite 
the fact that the amount absorbed is decreased. This is in keeping 
with the concepts of Pettenkofer and Voit (14) who proposed that 
fat is used in the vital economy to make up an energy deficit that 
remains after available protein and sugar have been utilized. The 
fat in excess of this need is stored as a reserve. 
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Fic. 4. The partition of the elaidic acid found in the bodies of typical 
animals chosen from Experiment II (Fig. 3). The total tissue elaidic acid 
of the animal is represented by the entire bar and the elaidic acid in the 
various tissue lipids by the designated bars that make up the whole. 


In Experiment I (Fig. 2) small amounts of elaidic acid are 
found in the liver neutral fat‘ during the absorption period. The 
entrance of elaidic acid into the phospholipid of the liver is also 


‘ This fraction includes the fatty acids of both liver neutral fat and 
cholesterol esters but for convenience is designated as neutral fat. 
Whether or not elaidic acid enters into the cholesterol esters of the liver 
has not been determined. bg 
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prompt. This elaidic acid makes up 22 + 5 per cent of the total 
neutral fat fatty acids and 12 + 2 of the phospholipid fatty acids 
of the liver. The amount of elaidic acid entering the phospholip- 
ids of the carcass is of a magnitude similar to that found in the 
liver, yet the amount is only 1.6 + 0.5 per cent of the fatty acids 
in the carcass phospholipids. This clearly indicates the difference 
in the rates of uptake of elaidic acid by phospholipid of carcass 
and liver as previously described by Sinclair (1). The depot 
elaidic acid comprises the greater part of that found in the tissues. 
The balance sheet for Experiment I is lacking in respect to the 
entrance of elaidic acid into the phospholipids of the intestinal 
mucosa during absorption. 

In Experiment II (Fig. 4) the per cent elaidie acid in the phos- 
pholipid fatty acids of the entire gastrointestinal tract rises from 
7 per cent at the 9th hour to approximately 15 per cent by the 24th. 
Since it is believed that this entrance of elaidic acid takes place 
primarily into the phospholipids of the mucosa of the small intes- 
tine, which in this experiment are diluted by the phospholipids of 
the other tissues of the tract, the per cent of elaidic acid in the 
mucosal phospholipids would be quite high. Elaidic acid is also 
found in the liver neutral fat fraction to the extent of 24 + 2 per 
cent of the total fatty acids. The elaidic acid in the liver phos- 
pholipid fatty acids rises from 9 to 18 per cent from the 9th to 
the 24th hour, again indicating the rapid entrance of elaidic acid 
into the liver phospholipids. Elaidic acid enters the carcass 
phospholipids slowly, to the extent of 1.7 + 0.4 per cent. The 
elaidic acid entering the fat depots increases rapidly as the absorp- 
tion period continues, representing fat absorbed in excess of the 
immediate need. 

In comparing Figs. 2 and 4, one notices in the latter a larger 
deposition of elaidic acid in the depots. This has been discussed 
previously. The amount of elaidic acid entering the carcass 
phospholipids is approximately the same in the two experiments. 
However, in regard to the entrance of elaidic acid into the liver a 
distinct difference is noted. The livers of ten control animals 
averaged 5.18 + 0.75 gm. and contained 125 + 14 mg. of phos- 
pholipid fatty acid and 29 + 5 mg. of neutral fat fatty acid. In 
Experiment I, in which the diet was deficient, the livers conse- 
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quently decreased in size to 4.45 + 0.55 gm. with a phospholipid 
fatty acid content of 101 + 12 mg. In Experiment II, in which 
the animals were continued on an essentially normal ration, the 
phospholipid fatty acid content of the liver was the same as that 
of the control animals; namely, 123 + 10 mg. In Experiment I 
the elaidic acid replaces an average of 12 per cent of the phos- 
pholipid fatty acids, while in Experiment II the replacement in- 
creases from 9 to 18 per cent during the absorption period studied. 
The amounts of elaidic acid in the liver neutral fat are slightly 
greater in Experiment II than in Experiment I. The total fatty 
acids of the liver neutral fat in the two experiments are 41 + 11 
and 33 + 7 mg. respectively, with elaidic acid contents of 24 and 
22 per cent. This difference is not remarkable. 


SUMMARY 


Balance sheet studies on the absorption of elaidic acid carried 
out on young rats over hourly periods after feeding elaidin as the 
sole food source show that elaidic acid is absorbed at a nearly con- 
stant rate until absorption is practically complete, following an 
initial lag period required for the liquefaction and digestion of the 
solid fat. Only a very small amount of the absorbed elaidic acid 
is found in the tissues, the remainder having disappeared. When 
elaidin is fed as 40 per cent of the calories, absorption begins more 
promptly but continues more slowly than when elaidin alone is 
fed. The rate of absorption is constant. Owing to the preferen- 
tial utilization of the protein and sugar in the diet by the body 
for fuel, a large percentage of the absorbed elaidic acid is deposited 
in the tissues. 

Partition of the elaidic acid found in the body indicates the 
entrance of significant amounts of elaidic acid into the phospholip- 
ids of carcass and liver and the liver neutral fat. The chief site 
of deposition of elaidic acid is the adipose tissue, the elaidic acid 
content of which increases markedly as the absorption period 
lengthens. 


The author takes pleasure in acknowledging his indebtedness 
to Professor W. R. Bloor for counsel and criticism throughout this 
investigation and to Professor R. G. Sinclair for his interest in the 
progress of this work. 
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In Paper I of this series (1) data were presented on the rates of 
absorption and storage of elaidic acid by young rats during a 24 
hour period following the feeding of elaidin as the sole food and as 
40 per cent of the calories. Since these experiments were only 
hourly studies continued through a period of 1 day following the 
feeding of the indicator fat, longer experiments were undertaken 
to study the absorption and storage of elaidic acid over periods of 
days. 

EXPERIMENTAL 

The procedures used in this investigation have already been 
described (1). In Experiment III of these studies young male 
rats weighing 100 + 5 gm. were fasted 15 hours and then allowed 
to eat elaidin ad libitum as the sole food source throughout the 
various experimental periods, which ranged from 2 to 8 days. In 
Experiment IV Diet 262 (2) which contained elaidin as 40 per cent 
of its calories was fed ad libitum over periods of 2 to 5 days. 
Nearly all the animals used ate their diet regularly, as determined 
by repeated estimates of the food consumption. Those few not 
eating regularly were discarded. The fatty acids of the elaidin 
used had an iodine number 74. Consequently the value for 
elaidic acid represents only 82.2 per cent of the total fatty acid. 
The remaining saturated acids in the elaidin could not be traced 
after their absorption and so data on absorption and storage are 
expressed in terms of elaidic acid rather than the elaidin as a whole. 

Fig. 1 represents the data for Experiment III on thirteen rats 
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which were fed elaidin as the sole food source. The partition be- 
tween the various tissue lipids of the total elaidic acid found in the 
bodies of typical animals is presented in Fig. 2. Fig. 3 gives the | 
summary for Experiment IV, in which thirteen animals were 
fed the Diet 262. The tissue balance sheets for typical animals 
chosen from Experiment IV are given in Fig. 4. 
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Fic. 1. Experiment III. Rats fed elaidin over a 2 to 8 day period. The 
elaidin fatty acids contained 82.2 per cent elaidic acid. Absorbed elaidic 
acid is indicated as @ and elaidic acid found in the tissues as O. The 
unabsorbed elaidic acid in the gastrointestinal tract and feces amounted 
to 317 + 107 mg. per animal. The feces practically disappeared during the 
period. 


DISCUSSION 


; In order that these absorption experiments for long periods 
could be compared to those for short periods reported previously, 
the hourly absorption rate of elaidic acid was calculated for each 
animal from the data in Figs. 1 and 3. The average absorption 
rates of elaidic acid when calculated on an hourly basis for the 
thirteen rats receiving elaidin as their sole food and the other 
group of thirteen animals which were fed sugar and protein along 
with the elaidin were found to be 90 + 10 mg. (range 112 to 78 
mg.) and 59 + 2 mg. (range 62 to 55 mg.) respectively. These 
values agree quite well with the hourly absorption rates of elaidic 
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acid during the initial 24 hour period of absorption. These values 
are 80 mg. when elaidin alone is fed, and 61 mg. when Diet 262 is 
given (1). Holmgren (3) has reported that some food is always 
present in the gastrointestinal canal of the rat. A maximum con- 
tent occurs during the night, with a fall to a minimum during the 
day. Apparently the feeding habits of the rat and the slow rate 
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Fic. 2. The partition of the elaidic acid found in the bodies of typical 
animals chosen from Experiment III (Fig. 1). The total tissue elaidic 
acid of the animal is represented by the entire bar and the elaidic acid in 
the various tissue lipids by the designated bars that make up the whole. 


at which elaidin is absorbed result in the maintenance of a fairly 
constant flow of this fatty acid through the intestinal wall. 
The disappearance of elaidic acid in these experiments probably 
represents as closely the actual oxidation of the acid as can be 
determined at present. Transformation of elaidic acid to other 
acids by saturation or desaturation may take place but the meas- 
ure of such a process, if occurring to any extent, has not been 
determined. The formation of oleic acid from elaidic acid by 
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steric rearrangement and the deposition in the tissues of an 
equilibrium mixture seem highly improbable. 

The average hourly disappearance rate of elaidic acid can be 
calculated for each animal in Experiments III and IV from the 
difference between the elaidic acid absorbed and that found in the 
tissues at the end of the experimental period. In Experiment III 
the hourly disappearance rate of the absorbed elaidic acid is cal- 
culated to be 74 + 4 mg. (range 65 to 84 mg.), while in Experi- 
ment IV the hourly utilization rate is 35 + 2 mg. (range 32 to 38 
mg.). These values are in excellent agreement with the rates 
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Fic. 3. Experiment IV. Rats fed Diet 262, containing elaidin as 40 
per cent of the calories, over a 2 to 5 day interval. The elaidin fatty acids 
contained 82.2 per cent elaidic acid. Absorbed elaidic acid is indicated as 
@ and elaidic acid deposited in the tissues as O. The unabsorbed elaidic 
acid in the gastrointestinal tract and feces amounted to 377 + 171 mg. per 


animal. 
- 


obtained in the short experiments. During the initial 24 hours of 
absorption it was determined that absorbed elaidic acid disappears 

at the rate of 72 mg. per hour when elaidin is fed alone and at the 

rate of 35 mg. when fed with the sugar and protein (1). 
. The close agreement of the absorption and disappearance rates 
of elaidic acid in the experiments of short and long periods lends 
itself to the support of the conclusion drawn previously : that elaidic 
acid is absorbed by the rat at a fairly continuous and constant 
rate and is utilized or stored depending upon the immediate needs 

of the animal (1). 
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The animals in Experiment III lost considerable weight during 
the experimental period owing to diet deficiencies, while those in 
Experiment IV, receiving an essentially complete diet, gained 
weight. The final average weights of the two groups were 78 + 4 
and 104 + 4 gm. respectively. In Experiment III despite the 
marked loss in body weight, the average fatty acid content of the 
depots increased to 3.80 + 1.44 gm. compared to a control value 
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Fic. 4. The partition of the elaidie acid found in the bodies of typical 
animals chosen from Experiment IV (Fig. 3). The total tissue elaidic acid 
of the animal is represented by the entire bar and the elaidic acid in the 
various tissue lipids by the designated bars that make up the whole. 


established in ten animals of 2.45 + 0.73 gm. In Experiment IV 
the fatty acids in the adipose tissue increased to 5.80 + 0.94 gm. 
A positive fat balance is indicated in both experiments. 

The constancy of the disappearance rate from animal to ani- 
mal in these experiments is quite striking. This is borne out in 
Experiment III, Fig. 1, where the absorption and deposition rates 
show considerable variation, while the rates of disappearance of 
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elaidic acid vary within narrower limits. Therefore the amount 
of fat stored in the tissues of any one animal seems directly deter- 
mined by the magnitude of the absorption rate—the greater the 
rate of absorption, the more fat absorbed in excess of metabolic 
needs and consequently the more fat that has to be stored. 

The question may be raised as to the possibility that a cycle 
occurs in the depots with periods of deposition of the excess 
calories absorbed alternating with periods of withdrawal of fat 
later when absorption does not supply the metabolic needs, and 
that the rates obtained for disappearance and storage of elaidic 
acid in the experiments reported here are only the mean of such a 
cycle. The data of this study do not indicate that cyclic deposi- 
tion and withdrawal of elaidic acid occur to any great extent in 
the rat adipose tissue. The slow withdrawal of elaidin from the 
depots after its deposition further substantiates this conclusion 
(unpublished data). It must not be inferred, however, that with- 
drawal of elaidic acid from the depots does not occur during the 
period when elaidin is being absorbed. Since the values for the 
hourly absorption and disappearance rates of elaidic acid are only 
averages, fluctuations must be expected from hour to hour owing 
to periods of rest, sleep, activity, etc. Consequently it is not 
unlikely that during a period of maximum activity on the part of 
the animal and minimum absorption some demand must be made 
on the depots to offset the energy deficit. This is indeed a func- 
tion of the fat reserve, to act as an energy buffer in case such a 
condition arises. The fact that it can be shown that elaidic acid 
does disappear slowly from the depots when the animal is eating 
an elaidin-free diet requires some such explanation. 

In Experiment III (Fig. 2) the amount of elaidic acid appearing 
in the liver neutral fat is quite large and makes up 35 + 5 per cent 
of the fatty acids in this fraction. The accumulation of neutral 
fat fatty acid during the dietary régime is quite large, amounting 
to 104 + 30 mg. in spite of a marked reduction in the liver weight 
to 3.84 + 0.27 gm. The livers of ten control animals weighed 
5.18 + 0.75 gm. and contained 29 + 5 mg. of neutral fat fatty 
acid. The accumulation of fat in the liver on a high fat diet is 
not unusual. However, elaidin accounts for only part of the ex- 
cess fat in these livers. The uptake of elaidic acid by the phos- 
pholipids of the liver is essentially complete by the 2nd day, after 
which the elaidic acid makes up 21 + 3 per cent of the 94 + 6 
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mg. of fatty acid. On the other hand, the entrance of elaidic acid 
into the phospholipids of the carcass continues slowly throughout 
the period. Elaidic acid makes up about 5 per cent of the fatty 
acids after the 2nd day of feeding and increases to 12 per cent by 
the 6th day. These findings in respect to the entrance of elaidic 
acid into phospholipids of liver and carcass are essentially the same 
as Sinclair’s (4). The greatest percentage of elaidic acid is present 
in the adipose tissue. Variations in the amounts deposited at 
the various intervals are the result of differences in the ingestion 
of the fat by the various animals. 

In the balance sheet of tissue elaidic acid for Experiment IV 
(Fig. 4) it is again seen that the increase in body elaidic acid as the 
absorption period lengthens is primarily reflected in the depot fat. 
Elaidic acid is found in small amounts in the liver neutral fat 
fatty acids. This represents a small fat store in these animals, 
amounting to 38 + 7 mg. with an elaidic acid content of 27 + 3 
per cent. The elaidic acid concentration in the liver phospholi- 
pids has reached a maximum by the 2nd day and remains quite 
constant thereafter. The 140 + 12 mg. of liver phospholipid 
fatty acid contain 23 + 3 per cent elaidie acid. The liver weight 
is 6.60 + 0.57 gm. The entrance of elaidic acid into the carcass 
phospholipids continues slowly throughout the period studied. 
After 2 days of feeding Diet 262 the elaidic acid content of the 
carcass phospholipid fatty acids is approximately 4 per cent and 
increases to 9 per cent by the 5th day. 

In comparing the tissue balance sheets' of Experiments III and 
IV a number of interesting points are brought out. In Experi- 
ment III, despite the fact that the liver weight is considerably 
lower than in Experiment IV, the amount of elaidic acid in the 
liver neutral fat fraction is considerably greater. This no doubt 
is the result of feeding elaidin as the sole diet. Differences in 
the elaidic acid content of the liver phospholipids are quite strik- 
ing. This is not surprising in view of the marked differences in 
the liver weights. In Experiment III the average liver weight is 


' These balance sheets are incomplete in regard to the elaidic acid in the 
gastrointestinal tissue. The amount present, however, would not be suffi- 
ciently great to cause any appreciable change in the value of the tissue 
elaidic acid, since the elaidic acid found in tissue other than the depot fat 
is quite small. 
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3.84 gm. with a phospholipid fatty acid content of 94 mg.; in 
<xperiment IV the liver weighs 6.60 gm. and contains 140 mg. 
of phospholipid fatty acid. The percentage of elaidic acid in the 
liver phospholipid fatty acids is the same in the two experiments, 
about 22 per cent. If the elaidic acid-containing phospholipid 
in the liver is a metabolic phospholipid synthesized in this organ 
and then transported to the tissues for catabolism, the rate of 
turnover of this lipid in the liver in Experiment III is not only 
enhanced by the high utilization of fat, but also by the decrease 
in size of the organ itself. In comparing the amounts of elaidic 
acid in the phospholipids of the carcass, cognizance should be 
taken of the loss in body weight when elaidin alone is fed and the 
maintenance or increase in weight on Diet 262. The carcass 
phospholipid fatty acid content per 100 gm. of tissue is 0.85 gm. 
in both experiments. In Experiment III the average carcass 
phospholipid fatty acid content is 0.56 gm. per animal (average 
carcass weight 66 gm.) as compared to 0.71 gm. for Experiment 
IV (average carcass weight 84gm.). Yet the absolute amounts of 
elaidic acid entering the phospholipids are nearly the same in the 
two experiments. This, of course, means that the replacement of 
the carcass phospholipid fatty acids by elaidic acid goes on more 
rapidly in Experiment III, in which elaidin alone is fed. The 
difference in the adipose tissue elaidic acid in the two experiments 
has been discussed. 


SUMMARY 


Further study on the absorption and storage of elaidie acid by 
the rat, when elaidin is fed alone and when fed with sugar and 
protein, over periods of days lends itself to the support of the con- 
clusion that the indicator fat is absorbed at a fairly continuous 
and constant rate and is utilized or stored depending upon the 
immediate needs of the body. When elaidin alone is fed, only a 
small part of the absorbed elaidic acid finds its way into the depots; 
when fed along with protein and sugar, a large part escapes utiliza- 
tion and is deposited. 

Partition of the elaidic acid in the tissues indicates the rapid 
entrance of elaidic acid into the liver phospholipids and a slow 
entrance into those of the carcass. Elaidic acid is present also 
in the liver neutral fat. The chief site of the deposition of the 








Pp 


— ~~ 


— => oa 





' 
| 
| 


M. F. F. Kohl 729 


elaidic acid is the adipose tissue, the elaidic acid content of which 
increases markedly during the course of the experimental period. 
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In connection with the problem of the storage and withdrawal 
of fat from the depots, the work of Gage and Fish (1) is a classic. 
These investigators fed young rats bread that was spread with 
butter stained with Sudan III. Prompt entrance of the diet fat 
into the depots several hours after feeding was indicated by a pink- 
ish coloration of the depots. The intensity of the color increased as 
absorption continued. 20 days were required for the color pro- 
duced by this feeding to disappear from the adipose tissues. The 
inertness of fat once it has been deposited in the depots is also 
indicated by the findings of Ellis and Isbell (2) on the pig, and of 
Brown and Rawlins (3) and Anderson and Mendel (4) on the rat. 
On the other hand a more rapid turnover of depot fat is reported 
by Schoenheimer and Rittenberg to take place in the mouse (5). 

In Experiment V of the studies reported here an attempt was 
made to study as quantitatively as possible the disappearance of 
elaidic acid from the depots after its deposition. To what extent 
the disappearance of a “tagged”’ fat in the body once it has been 
deposited can be attributed to processes other than combustion 
cannot at present be stated. Consequently it is assumed that 
disappearance of elaidic acid indicates its withdrawal from the 
depots in a mixture with other acids for utilization. 


EXPERIMENTAL 
The experimental methods have been reported in Paper I (6). 
Young male rats weighing 100 + 5 gm. were fasted 15 hours and 


then fed Diet 262 (7), containing elaidin as 40 per cent of the 
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calories, for 72 hours. The elaidin fatty acids had an iodine 
number 74 and contained 82.2 per cent elaidic acid. The animals 
were allowed to eat ad libitum and observations were made to 
insure prompt, ample, and regular eating of the food. The few 
animals failing to do so were discarded. After 3 days on Diet 262 
the rats were shifted back to the calf meal (8) which was con- 
tinued until the time of sacrifice. During the period of the calf 
meal feeding records of the food intake were made every 2 days. 
Without exception the animals showed an increase in food con- 
sumption paralleling gain in weight. 

To correct for any possible loss of elaidic acid in the feces, the 
feces passed during the 3 day period on Diet 262 were collected 
and analyzed. Twenty-two animals excreted a total of 27 gm. 
of dried feces during the 3 day period. Analysis indicated the 
presence of 19 mg. of elaidic acid per 1 gm. of feces. This indi- 
cates that the loss of elaidic acid in the feces is negligible, which 
confirms similar findings by Barbour (9) and Sinclair (personal 
communication). 

In Experiment IV of these studies (Paper II (10)) it was found 
that when elaidin containing 82.2 per cent elaidic acid is fed as 40 
per cent of the calories in Diet 262 over a 2 to 5 day period the 
average hourly rates of absorption and disappearance of elaidic 
acid are quite constant from animal to animal. These constants 
are 59 and 35 mg. respectively. In calculating the data in Ex- 
periment V, the amount of elaidic acid consumed in the food during 
the 3 day period was divided by the average hourly absorption 
rate of 59 mg. The value obtained is the corrected absorption 
time for the ingested elaidic acid. This calculation is necessary, 
since the amount of unabsorbed diet in the gastrointestinal tract 
at the end of the 72nd hour, when diets were changed, cannot be 
estimated. The corrected value for the period during which 
elaidic acid is being absorbed then makes possible the calculation 
of the amount of absorbed elaidice acid disappearing. The esti- 
mate for the amount of elaidic acid stored in the body during the 3 
days of Diet 262 can then be compared with the amount of elaidic 
acid remaining in the tissues 5 to 30 days after the calf meal diet 
has been resumed. These data for Experiment V are given in 
Fig. 1. 
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DISCUSSION 


About 30 days are required to clear the depots of elaidie acid 
that was deposited during the 3 days of feeding elaidin as 40 per 
cent of the calories. The disappearance of elaidic acid seems to 
occur a little more rapidly in the early part of the experiment. 
This may be partly explained on the basis of a higher percentage 
of elaidic acid in the depots at the beginning of the calf meal 
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Fic. 1. Experiment V. The disappearance of elaidic acid from the body 
of the rat. The elaidic acid deposited in the tissues during the 3 day period 
of feeding Diet 262 is indicated as O and the elaidice acid having disap- 
peared during the interval of calf meal feeding as @. The difference 
represents the elaidic acid found in the body of the rat. 


feeding period than later when the percentage has been lowered 
not only by the withdrawal of elaidic acid but also a subsequent 
deposition of fat from the calf meal. Consequently the percentage 
of elaidic acid withdrawn in a mixture of fat from the depots 
becomes less and less as the calf meal feeding period lengthens. 
The data indicate the inertness of fat once it has been deposited 
in the depots of the rat. 
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The partition of the tissue elaidic acid of animals in Experiment 
V indicates that all but a few mg. of the elaidic acid are present 
in the adipose tissue. The liver neutral fat contains on the order 
of 1 mg. of elaidic acid throughout the period. Several mg. are 
present in the liver phospholipid fatty acids a week after resump- 
tion of the calf meal but after that the amount becomes negligible. 
In the carcass phospholipids, in which the rate of turnover of 
elaidic acid is quite slow, 30 mg. are found 1 week after calf meal 
refeeding. The amount falls off gradually as the period is length- 
ened. 

Sinclair has reported (11) that the rate of entrance of elaidic 
acid into, and disappearance from the phospholipids is rapid in 
the liver, and comparatively slow in muscle. The process is 
essentially complete in the liver within 1 day, but in muscle only 
after a period of many days. On the basis of this evidence and 
former evidence on the selective retention by the liver of highly 
unsaturated acids in the diet (12), Sinclair concludes that two 
types of phospholipid are present in the liver tissue: the more 
highly unsaturated ones that function in the essential make-up of 
the cell, and the less unsaturated, represented by those containing 
elaidic acid, which function as intermediary products of fat metab- 
olism. The phospholipids of muscle, on the other hand, are be- 
lieved to be mainly of the non-metabolic type. 

Figs. 2 and 3 present data on the turnover of elaidic acid in the 
phospholipids of the rat carcass and liver obtained in this and pre- 
vious experiments. The carcass phospholipids are made up 
primarily of those in the skeletal muscle. The entrance of elaidic 
acid into the phospholipids was determined in Experiment IT (6) 
and Experiment IV (10) reported previously in which young male 
rats were fed Diet 262 for periods of 8 hours to 5 days. The dis- 
appearance of elaidic acid from phospholipid was determined in 
Experiment V of this paper, in which, after eating Diet 262 for 3 
days, the animals were put back on the stock diet. The amount 
of elaidic acid in the phospholipids is indicated by the increase in 
the iodine number of the solid fatty acids isolated over the control 
iodine numbers that have been previously determined for the 
naturally occurring solid acids of the rat lipids (6). 

The findings of this study are in agreement with those of Sin- 
clair. The entrance of elaidic acid into carcass phospholipid is 
slow compared to the rapid rate in the liver. The rate of dis- 
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Fic. 2. The turnover of elaidic acid in the carcass phospholipids of the 
rat. The entrance of elaidic acid into the phospholipids during Diet 262 
is indicated as ©. The elaidic acid remaining in the phospholipids after 
the various intervals of calf meal feeding, following the 3 day period of 
Diet 262, is given as @. The iodine number of the phospholipid solid acids 
is used as an index of the amount of elaidic acid present. 
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Fic. 3. The turnover of elaidic acid in the liver phospholipids of the rat. 
The entrance of elaidic acid into the phospholipids during Diet 262 is 
indicated as ©. The elaidic acid remaining in the phospholipids after the 
various intervals of calf meal feeding, following the 3 day period of Diet 
262, is given as @. The iodine number of the phospholipid solid acids is 
used as an index of the amount of elaidic acid present. 
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appearance of elaidic acid from the carcass phospholipids is quite 
slow, the iodine numbers of the solid acids falling slowly until the 
10th day and then leveling off. The iodine numbers, however, 
continue to remain significantly above the control level, even 
after 3 weeks. In the liver phospholipids the persistence of small 
amounts of elaidic acid is also found after the immediate precip- 
itous fall toward normal. It cannot be said at present whether 
this persistence of small amounts of elaidic acid in the phos- 
pholipids of the carcass and liver is due to a retention of elaidic 
acid-containing phospholipids by these tissues or due to a new 
formation from elaidic acid subsequently coming out of the depots. 


SUMMARY 


Elaidie acid when once deposited in the fat depots of the rat 
disappears at a slow rate, indicating that the depot fat in the rat 
is relatively inert. Over 30 days are required to clear the reserves 
of elaidic acid that is deposited during a 3 day period of feeding 
elaidin-as 40 per cent of the caloric intake. 

The findings of Sinclair on the slow rate of turnover of elaidic 
acid in the muscle phospholipid of the rat and the rapid rate in 
liver phospholipid have been confirmed. 
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ISOEQUILIN A 


By H. HIRSCHMANN* anno OSKAR WINTERSTEINER 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, September 28, 1938) 


In the course of an investigation of the estrogenic diols present 
in the urine of pregnant mares (1) a substance was isolated which 
seemed to differ from estradiol by the presence of a fourth double 
bond in conjugation with the aromatic ring. As we were unable 
to secure sufficient amounts of this compound to elucidate its 
structure, we have endeavored to prepare substances containing 
such an arrangement of double bonds from other more readily 
available estrogens. 

Equilin (1) appeared to be particularly suitable for this purpose, 
as it already contains four ring double bonds. It should be com- 

CH; 0 
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paratively easy to shift the double bond between C; and Cy into a 
position conjugated with Ring A; that is, either between C, and 
C;, or Cs and Cy, or Cy and Cy. Treatment at elevated tempera- 
ture with sodium ethylate or amylate, while effective in rearrang- 
ing 1,4-dihydronaphthalene into 1,2-dihydronaphthalene (2), 
failed to bring about such a transformation with equilin. Neither 
did the customary procedure of isomerizing unsaturated steroids 


* Columbia University Fellow, 1937-38. 
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by treating a chloroform solution with dry hydrogen chloride 
effect such a change. Shifting of the double bond occurred, 
however, when equilin was heated in a mixture of concentrated 
hydrochloric and acetic acids. That the double bond had mi- 
grated into a position conjugated with Ring A was indicated by 
the absorption spectrum of the crude reaction product, which 
exhibited a very high maximum between 264 and 272 my and 
thus markedly differed from that of equilin (Fig. 1, Curve I). 
On fractional recrystallization this material yielded apparently 
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Fic. 1. Absorption spectra of equilin (Curve 1) and Isoequilin A (Curve 
Il) (aleohol). 


homogeneous platelets (Fig. 2) melting at 231°. Whereas the 
final preparations from three different runs appeared identical as 
judged by crystal form, melting point, and absorption spectrum 
(Fig. 1), two of them showed approximately the same rotatory 
power ( [a], = +222° and +224° respectively), while the specific 
rotation of the third was appreciably higher ( [a], = +2419). 
Neither fractional crystallization nor adsorption on alumina was 
of much avail in fractionating the products with either the higher 
or the lower rotation. By chromatographic analysis there could 
be removed in each instance a small crystalline fraction which had 
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a rotation considerably lower than the bulk of the material. 
While these findings leave some doubt as to the absolute homo- 
geneity of these preparations, we have nevertheless attempted to 
determine the structure of the material exhibiting a specific 
rotation of +222°. 

The substance, which will be referred to as Isoequilin A, corres- 
ponds in composition and in the function of its oxygen atoms with 
equilin. An acetate and a semicarbazone have been prepared. 
The absorption spectrum (Fig. 1, Curve I1) clearly indicates that 
the product contains a double bond in conjugation with Ring A. 
In order to differentiate between the three possible locations of 





Fic. 2. Crystals of Isoequilin A (from 80 per cent ethyl! alcohol) 


this double bond we followed a procedure employed by Serini and 
Logemann (3) to secure additional evidence for the position of the 
fourth double bond of equilin. These authors prepared an equilin- 
cis-glycol by treatment with osmium tetroxide according to the 
method of Criegee (4) and determined in this compound the num- 
ber of hydroxyl groups resistant to acetylation. We were able 
to prepare equilin glycol’ in good yield from equilin acetate; 
when, however, the acetate of Isoequilin A was subjected to 
the same procedure, a crystalline substance melting at 204° 
was obtained, which gave results agreeing with C)sHeeQOs, in- 

‘Our preparation melted at 254° (corrected); the melting point given 
by the German authors is 245° (uncorrected?). 
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dicating that only | atom of oxygen had entered the molecule. 
The absorption spectrum (Fig. 3) closely resembled that of Iso- 
equilin A; this new product therefore also contains a double bond 
in conjugation with Ring A. The most plausible explanation for 
the formation of such a compound is that the osmic ester of the 
glycol normally formed as the primary reaction product broke 
down with the formation of a double bond. Our failure to isolate a 
glycol indicates that the fourth double bond in Isoequilin A is not 
located between Cs and C;, for a glycol with two secondary hy- 
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Fig, 3. Absorption spectrum of 14-epi-Ag-;;8-hydroxyequilin 


droxyl groups, such as would be expected from a Ag_;-equilin, 
should not tend to split out water so readily. Furthermore, of 
compounds which absorb more intensely than estrone, the only 
one which could have arisen from a 6,7-glycol by the removal of 
1 mole of water is 6-keto-estrone. The absorption spectrum of 
6-keto-a-estradiol®> has been measured and found to be entirely 
different from that of the substance melting at 204° (maxima at 
257 my and 333 mu, minima at 241 and 285 my). As there is no 
other position in the molecule in which a keto group could appre- 


* Wintersteiner, O., unpublished experiments. 
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ciably influence the absorption spectrum of the phenolic ring, the 
analytical figures in conjunction with the spectrographic findings 
lead to the conclusion that the 3rd oxygen atom must be present 
as a hydroxyl group. It is possible to formulate the reaction 
in accordance with the observations if the starting material has 
the structure of an acetate of either As_s-equilin (II) or Ag p- 
equilin (V). 

The substance melting at 204° yielded a monoacetate when 
treated with acetic anhydride and pyridine at room temperature. 
This indicates that the newly formed hydroxy! group is tertiary, 
asin Formula lV. It might be argued that a secondary hydroxyl 
group at Cy, such as is present in the alternative Formula VII, 
would likewise be resistant to acetylation. However, those 
structural features which are held responsible for the chemical 
inertness of an 11-hydroxyl group, as in the case of the adrenal 
compounds (5), are absent from our compound. The main factor 
which could confer steric hindrance on an oxygen atom in position 
11, namely the methyl group on Co, is lacking in the estrogens. 
Furthermore, the presence of a double bond between Cs and Cy, 
abolishes the trans relation of Rings B and C, which could con- 
ceivably lead to interference if the 11-hydroxyl lay on the same 
side of Ring C as carbon atoms 10 and 1. For these reasons we 
assign Structure IV, and not VII, to the substance melting at 204°, 
and consequently Isoequilin A is considered to be Ag_s-equilin. 
This assignment of structure is valid only if it be assumed that 
no allylic rearrangement has taken place during any of the reac- 
tions. 

A somewhat analogous observation has been made by Windaus; 
Linsert, and Eckhardt (6). When the acetate of Ag_z, s_o-cholesta- 
dienol-3 (isodehydrocholesterol acetate) was treated with perben- 
zoic acid, 9-hydroxy-A¢_;,s—..-cholestadienol-3 acetate was formed 
instead of an 8,9-oxide or an 8,9-trans-glycol. Even more striking 
is the behavior of the acetate of 5-cholestenol, which is believed 
to be a Ags_o-cholestenol, towards the same reagent. Again an 
a,8-unsaturated tertiary alcohol, A;-cholesten-3,9-diol, is formed. 

In order to secure additional evidence for the proposed struc- 
ture, Isoequilin A was treated with palladium at 80°. Equilin is 
transformed by this treatment into the naphtholic compound 
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equilenin (7). A As_s-equilin should also be readily dehydro- 
genated under these conditions (8), whereas no such reaction is 
to be expected from a A _.,-equilin unless it should first rearrange 
to a product containing the fourth double bond in Ring B. A 
substance with the absorption spectrum of equilenin was actually 
formed, in a yield of about 75 per cent. The product, which was 
purified by means of its picrate, melted at 262°. The analytical 
results corresponded to the formula C,sH)s02, which is the com- 
position of equilenin. However, the dextrorotation of the com- 
pound was 70° higher than that of equilenin. Also, when mixed 
with equilenin (m.p. 258°), the substance showed a distinct de- 
pression of its melting point. The substance is therefore not 
equilenin but one of its stereoisomers. There are only two cen- 
ters of asymmetry in the molecule; namely, Cy and Cy. Epi- 
merization at C,; could hardly have occurred, but it is easy to 
picture a reversal of the configuration of C,, by assuming that the 
rearrangement of equilin to Isoequilin A proceeded with the inter- 
mediate formation of a As_.-equilin. It could alternatively be 
assumed that the epimerization occurred during the catalytic 
dehydrogenation of As_s-equilin to the equilenin isomer, but it is 
difficult to see why this should not also take place when equilin 
is subjected to the same process. We therefore believe that Iso- 
equilin A differs from equilin not only in the position of the double 
bond, but also in the configuration of Cy. According to this 
view, Isoequilin A is really a 14-epi-As_»-equilin. The fact that 
different preparations of Isoequilin A showed discrepancies in 
their rotatory power may be ascribed to the varying extent to 
which epimerization took place during the acid treatment and to 
the difficulty of completely separating the epimers. 

The absorption spectrum of Isoequilin A differs sufficiently 
from that of the diol isolated from urine to justify the conclusion 
that the fourth double bond occupies different positions in the two 
compounds. We provisionally suggest that the urinary substance 
has the structure of a Ags_7-17-dihydroequilin. 

Furthermore, it can be stated that the As_,-equilin described in 
this paper is different from the two isomers of equilin described 
in the literature; namely, the isoequilin of Inhoffen (9), and the 
hippulin of Girard and coworkers (10). 
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EXPERIMENTAL 





Isoequilin A—To a mixture of 135 cc. of glacial acetic acid and 
90 ce. of concentrated hydrochloric acid were added 989 mg. of 
equilin ( [a]? = +317° in absolute alcohol; absorption spectrum 
as given in Fig. 1). The solution was heated under a reflux in an 
atmosphere of CO, for 80 minutes. A strong green fluorescence 


developed but almost disappeared towards the end of the heating 


period. The pink solution was chilled and distributed between 


600 ec. of water and 400 cc. of benzene. 


The yellow benzene 


layer was washed four times with 300 cc. of water, the benzene was 
distilled off in vacuo, and the residue recrystallized twice from a 
mixture of benzene and acetone (4:1). The material obtained by 
evaporating the mother liquors (446 mg.) oxidized in contact 
with air, with the formation of colored products, and was set 
aside. The crystals (536 mg.) were dissolved in a mixture of 150 
ec. of benzene and 15 ce. of acetone, and the solution was filtered 
through a 12 cm. column of Brockmann’s aluminum oxide (inside 
diameter 2 cm.). The chromatogram was developed by using 


65 cc. of the same mixture of solvents. 


The filtrate contained 


20 mg. of colorless crystals ( {a]2” = +177° in alcohol; the absorp- 
tion spectrum showed a maximum at 273 mu (e = 14,000), and a 
minimum at 240 mu (e = 3500)). The top 5mm. of the column 
retained most of the pigment and were discarded. The succeed- 
ing 75 mm. and the remaining 40 mm. of the column were im- 
mediately eluted with acetone and yielded 250 mg. ( [a]? = 
+218°) and 217 mg. ( [a] = +215°) of crystals respectively.* 
The two fractions, combined and recrystallized twice from 80 
per cent ethyl alcohol, yielded 320 mg. of thin rectangular plates 
which melted* at 231° after incipient decomposition at 227°. 


[a] = +222° (0.5 per cent in ethanol). 


Analysis—C;sHwO2. Calculated. C 80.55, H 7.52 
Found. ** 80.50, “ 7.61 


The product exhibited green fluorescence when dissolved in 
concentrated sulfuric acid. It coupled readily with an acid 


3 Though the alcoholic solutions of these fractions were clear and almost 
colorless, they did not transmit sufficient light either at 589 mu or at 546 
my for an accurate determination of their rotatory power. The dis- 
turbing substance could be eliminated by one recrystallization. 

‘ All melting points given are corrected. 
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solution of p-nitrodiazobenzene, yielding a brown-orange pigment; 
in this respect it resembles the diol isolated from mare urine. 
Compound formation with picric acid or with quinoline could not 
be observed. 

According to the report of Dr. Charles Mazer (of Philadelphia) 
the compound possesses one-fifth of the potency of estrone when 
tested on the ovariectomized rat. The assay technique has been 
given in a previous paper (11). 

Semicarbazone of Isoequilin A—A solution of 21.5 mg. of Iso- 
equilin A and 150 mg. of semicarbazide acetate in 4.5 cc. of 90 per 
cent ethanol was refluxed for 2 hours on a steam bath. After 
the evaporation of some of the alcohol a small volume of water was 
added. The gelatinous product was washed with 50 per cent 
alcohol and thoroughly with water (yield 20 mg.). Small crystals 
were obtained by recrystallization from ethanol. The semicar- 
bazone turned brown at about 180° and gradually decomposed 
when the temperature was raised to 230°. The analytical sample 
was dried for 2 hours at 110° and 6 mm. pressure. 


Analysis—C,sH2s:N30%. Calculated. C 70.11, H 7.13, N 12.93 


CisH2:N:0;-}H,0.* ” ~ io, ~ ca. ee 
Found. ** 68.37, “‘ 7.27, ** 12.88 
= ** 68.42, “* 7.41 


Acetate of Isoequilin A—217 mg. of Isoequilin A were dissolved 
in 6 cc. of pyridine and 3 cc. of acetic anhydride. The mixture, 
which turned pink on standing, was kept at 21° for 12 hours and 
was then chilled. 1.5 ec. of ice-cold water were added. The 
product was taken up in ether and repeatedly washed with hydro- 
chloric acid, sodium carbonate solution, and water. The ether 
yielded on evaporation 245 mg. of a red oil that crystallized on 
standing. The red pigment which was carried along on recrys- 
tallization could be removed by treating a dry ethereal solution 
with charcoal, or by distillation in a high vacuum. The melting 
point of a preparation that had been purified by both these 
methods and repeatedly recrystallized from dilute alcohol (rec- 
tangular prisms), although not sharp, was the same as that of 


* Difficulties were also encountered by Butenandt ef al. (12) in removing 
the water of crystallization from estrone semicarbazone. 
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less thoroughly purified material (softening at 83°; clear melt at 
95°). 
Analysis—(Sample dried at 56°, 6 mm. Hg) 


CxeH2O0;. Calculated. C 77.38, H 7.15 
Found. "Tee 


The absorption spectrum of the acetate (hexane) showed a maxi- 
mum at 268 my and a minimum at 238 mu. 

1 4-E pi-Ag_1:-8-H ydrozyequilin—68.6 mg. of the acetate of 
Isoequilin A were dissolved in 3 cc. of freshly distilled, dry ether. 
63.5 mg. of osmium tetroxide were added. After 5 minutes a 
brown precipitate appeared in the solution. The mixture was 
allowed to stand for 42 hours. The precipitate (100 mg.) was 
centrifuged off, washed twice with 0.5 cc. of dry ether, and treated 
with 0.86 gm. of crystalline sodium sulfite and 25 ec. of 20 per cent 
alcohol. The suspension was refluxed for 2 hours. The black 
precipitate which had formed on heating was filtered off and thor- 
oughly washed with hot 95 per cent and 50 per cent aleohol. The 
filtrate and the washings were combined, concentrated to about 
10 ec., and kept in the ice box overnight. A crystalline precipitate 
was obtained which was centrifuged off and washed with water 
(Fraction A; 9 mg.). Mother liquor and washings were extracted 
with 36 volumes of highly purified chloroform in eight portions. 
The chloroform solution, dried with sodium sulfate and evapo- 
rated, yielded 12 mg. of a colorless oil which on standing oxidized 
with the formation of brown pigments. This fraction was there- 
fore discarded. The original ether supernatant and washings 
were evaporated (27 mg.) and worked up in the same way as the 
precipitate that had been removed by centrifugation. Only 
4.8 mg. of crystalline material could eventually be recovered from 
this fraction. Neither could the yield be materially increased by 
extraction of the various aqueous solutions with chloroform after 
acidification, nor by extracting the osmium precipitate in a Soxhlet 
apparatus with alcohol. The saponification of the osmiate must 
have been complete, because the aqueous phase, when treated 
again with sodium sulfite, remained clear. The yield of crystal- 
line material was about 25 per cent. 

Fraction A was recrystallized twice from a mixture of benzene 
and acetone. Colorless platelets were obtained which melted 
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at 204° with decomposition. Two different runs yielded an 
identical product. 


Analysis—C,sHw»O;. Calculated. C 76.02, H 7.09 
Found. ** 76.85, ** 7.30 


The compound yields an orange-colored pigment on coupling with 
an acid solution of p-nitrodiazobenzene. 

14-Epi-Ag_1,-8-H ydroxryequilin-3 Acetate—11.9 mg. of the hy- 
droxyequilin were dissolved in 0.8 ec. of dry pyridine and 0.4 ce. 
of acetic anhydride. The mixture was kept at room temperature 
for 12 hours and then worked up in the same manner as the acetate 
of Isoequilin A. 13.5 mg. of a colorless oil were obtained which 
defied all efforts to crystallize it. It was analyzed after drying 
to constant weight. 


Analysis—CywH2O0,. Calculated. C 73.58, H 6.80 
Found. ** 73.62, ** 6.86 


Dehydrogenation of Isoequilin A—A round bottom flask con- 
taining 50 mg. of Isoequilin A, 315 mg. of palladium black, pre- 
pared according to Tausz and von Putnoky (13), and 25 ec. of 
absolute alcohol was evacuated and sealed. The flask was shaken 
for 16 hours at 80°. The catalyst was filtered off and the colorless 
filtrate was evaporated in a current of carbon dioxide. The resi- 
due was dissolved in warm absolute alcohol containing 58 mg. of 
picric acid. The light orange picrate formed was recrystallized 
from a 5 per cent solution of picric acid in ethanol, and then decom- 
posed in the usual manner, giving 23 mg. of colorless needles which 
after recrystallization from dilute alcohol melted at 262°. ‘As in 
the case of equilenin the melting is preceded by the formation of a 
red pigment a few degrees below the melting point. A mixture 
with an authentic sample of equilenin melting at 259° started to 
turn red at 227° and melted at 251.5°. [a]? = +160° (0.4 per 
cent in ethanol). The absorption spectrum agreed with that of 
equilenin within the limit of the method. 


Analysis—C,sH,.O». Calculated. C 81.16, H 6.82 
Found. ** 80.97, “ 6.67 


SUMMARY 


Equilin is converted by treatment with acid into a double bond 
isomer, Isoequilin A, to which the structure of a 14-epi-Ag_- 
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equilin has been assigned. The new compound yields on cata- 





lytic dehydrogenation a stereoisomer of equilenin, 14-epi-equilenin, 
which differs from equilenin by the configuration of carbon atom 


14. 


Isoequilin A reacts with osmium tetroxide with the forma- 


tion of a hydroxyequilin, probably 14-epi-Ag_;,-8-hydroxyequilin. 
Spectroscopic measurements indicate that the fourth double bond 
in Isoequilin A does not occupy the same position as that in the 


diol recently isolated from the urine of pregnant mares. Iso- 
equilin A possesses about one-fifth of the estrogenic potency of 


estrone. 


The authors wish to express their sincere thanks to Dr. E. 


Schwenk of the Schering Corporation, Bloomfield, New Jersey, 


for supplying them with the estrogenic material from which equilin 
was isolated, and to Mr. William Pearlman for purifying the 
equilin. The microanalyses reported in this paper were carried 
out by Mr. William Saschek. 
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Changes of organic phosphorus in the blood in rickets were first 
reported in 1920 by Iverson and Lenstrup (1). In rachitic in- 
fants they found that during the healing period the total acid- 
soluble P in the whole blood increased from 20 to 27 mg. per 100 
cc.; no data on the volume of cells in their blood samples were 
reported. Zucker and Gutman (2) found no reduction of organic 
acid-soluble P in the whole blood of rachitic infants or rachitic 
rats, compared with values determined in non-rachitic individuals. 
Robison and Soames (3) reported that in the whole blood of 
rachitic rats fed the McCollum diet, No. 3143 (4), the concen- 
tration of phosphoric esters hydrolyzable by bone enzyme was 
below normal; after the administration of cod liver oil to these 
rats, while the level of inorganic P in the blood rose nearly to 
normal, the amounts of P esters were not significantly increased. 
Gyérgy (5) found no change in the organic acid-soluble P in 
the whole blood of rachitic infants during the period of healing. 
Wilder (6) observed increases of organic acid-soluble P in the whole 
blood of rachitic rats subjected to fasting, a procedure which 
induces healing, as had been previously described by McCollum 
et al. (7) and by Cavins (8). Sokolovitch (9) failed to find changes 
of organic P in the blood cells of one rachitic infant. Bakwin, 
Bodansky, and Turner (10) found the readily acid-hydrolyzable 
P reduced in the blood cells of rachitic infants, and similar findings 
in the blood of rachitic rats were reported by Jacobsen (11). Kay 
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(12) found decreased concentrations of organic acid-soluble P in 
the blood cells of rats with rickets induced by a high Ca, low P 
diet ; this decrease was prevented, and the lowered values restored 
to normal, by the administration of cod liver oil or viosterol. In 
the whole blood of infants with healing rickets, Freudenberg (13) 
found slightly higher values for organic P than he found in the 
bloods of the same infants before the rickets was treated. Stearns 
and Warweg (14) studied the distribution of P in the bloods of 
three children with late rickets, and noted significant increases of 
ester P in the blood cells during healing. In 1937 Bakwin et al. 
(15) reported that in rachitic infants they found a reduction in the 
organic acid-soluble P of the blood cells which was partly ac- 
counted for by decreases in the readily acid-hydrolyzable P 
(adenosinetriphosphate) and partly by decreases in the fraction 
not hydrolyzable by bone enzyme; the latter fraction was thought 
to represent diphosphoglycerate. 

The studies here reported deal with the organic acid-soluble P, 
diphosphoglyceric acid, and adenosinetriphosphate in the cells, 
and the inorganic P in serum and cells, of the bloods of normal and 
rachitic rats and of rachitic rats following (1) the administration 
of irradiated ergosterol, (2) the addition of phosphate to the 
rachitogenic diet, and (3) fasting. 


Methods 


Collection of Blood—With the rat tied on its back, under light 
ether anesthesia, both internal jugular veins were exposed and cut. 
The flowing blood was drawn into a medicine dropper and trans- 
ferred to a small vial containing glass beads. Bloods of from two 
to five animals (depending on their size and the amount of blood 
obtained from each) were thus collected, pooled in the same vial, 
defibrinated by shaking with the beads, and then filtered through 
gauze. In a few experiments crystalline heparin was used as an 
anticoagulant. 

The volume of packed cells in whole blood was determined by 
the method of Guest and Siler (16). 

Inorganic and total acid-soluble P was determined by the 
method of Fiske and Subbarow (17) with modifications previously 
described (18). In some instances in which the concentration of 
inorganic P was very low, the more sensitive method of Kuttner 
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and Lichtenstein (19) modified by Bodansky (20) was used. 
Diphosphoglyceric acid was determined as glyceric acid by the 
method of Rapoport (21). Adenosinetriphosphate was deter- 
mined according to Lohmann (22). The figure for easily hydro- 
lyzable P, obtained after the trichloroacetic acid filtrate was 
heated with n H.SO,, was multiplied by 3/2 to give the value 
designated adenosinetriphosphate P. The concentrations of 
organic acid-soluble P and of its fractions in the blood cells were 
calculated in each instance from determinations made on whole 
blood, without correction for the slight traces of organic acid- 
soluble P which might have been present in the blood serum. The 
concentration of inorganic P in the cells was calculated from values 
determined on the whole blood and serum, by means of the cell 
volume per cent. 

Line tests were performed as described by McCollum et al. 
(4), and readings were recorded from 0 to ++-+4+ according 
to the notation of Bills and McDonald (23). 


Results 


Normal Controls—In Table I are listed data on the distribution 
of acid-soluble P in fourteen samples of blood obtained as de- 
scribed above from rats fed a normal diet. In addition to the 
blood samples listed, others have been examined, with less com- 
plete analyses of the several fractions. The further data thus 
obtained agree with those cited, but are omitted from Table I 
for the sake of brevity. The values for inorganic P in the serum 
and cells agree with those commonly reported in current litera- 
ture. The values for organic acid-soluble P in the cells agree 
with those reported by Kay (12). In the bloods of rats weighing 
over 100 gm. the diphosphoglycerate P makes up about half of 
the organic acid-soluble P, as has been reported for normal rab- 
bit and human blood (18, 24), and the adenosinetriphosphate P 
amounts to approximately one-fifth of the organic acid-soluble P, 
in agreement with values reported by Kerr and Daoud (25). In 
the bloods of the younger rats the values for organic acid-soluble P 
and diphosphoglycerate in the cells tended to be higher. 

Rickets—Rats initially weighing 50 to 60 gm. were fed the Steen- 
bock and Black (26) diet, Ration 2965, during periods from 3 to 
50 days. Some were bled after 3, 7, and 14 days on this diet, 
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in order to determine the changes occurring in the blood during 
the early stages of the development of rickets. After 21 days on 
this diet, those that weighed less than 65 gm., or that had gained 
less than 10 gm. during this period, were discarded. The others, 
showing growth above this minimum requirement, were either 
bled at the various times designated in Table II, or were used for 


TaABLe [ 
Distribution of Acid-Soluble P in Samples of Blood from Normal Rats 
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the healing experiments listed in Tables III and IV. In the dis- 
cussion that follows, the latter are designated 21 day, or 50 day, 
rachitic rats, according to the length of time they received the 
rachitogenic diet without other treatment. 

In the blood samples obtained at varying times after the rats 
were given the rachitogenic diet, decreases were found in all the 
fractions of acid-soluble P listed in Table Ii. The decrease of 
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inorganic P in the serum at 3 and 7 days was about the same as 
The de- 
crease of inorganic P and adenosinetriphosphate in the cells ap- 


that found by Warkany (27) during similar periods. 


Taste II 
Distribution of Acid-Soluble P in Samples of Blood from Rats Fed Steenbock 
and Black Rachitogenic Ration 2965 during Periods from 3 to 60 Days 
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At 7 days the diphosphoglycerate 
had decreased only slightly, but at 14 days this fraction also was 


After 14 days the inorganic P in both serum 
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TaB.Le III 


‘ells in Rickets 


Distribution of Acid-Soluble P in Samples of Blood from 21 Day Rachitic 
Rats, after Healing Was Induced by Administration of Single Doses of 


Irradiated Ergosterol Equivalent to 5 Rat Units 
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* These rats were given a second dose of 5 rat units of irradiated er- 
gosterol on the 10th day. 


and cells was reduced to low concentrations, but the ratio of cell 
to serum values was about the same as that found in normal rats. 
All values remained relatively constant after 14 days. The con- 
centration of organic acid-soluble P in the cells decreased to 
about two-thirds of the average normal concentration, in agree- 
ment with Kay’s findings (12). This decrease was accounted for 
in the adenosinetriphosphate and diphosphoglycerate fractions, 
confirming the surmise of Bakwin et al. (15). 

Healing Rickets, Induced by Irradiated Ergosterol—In Table III 
are listed data on blood samples from 21 day rachitic rats that 
were bled at varying times after they were given single doses of 
irradiated ergosterol, calculated to be equivalent to 5 rat units, 
u.s.p. The preparation used was drisdol, a solution of irradiated 
ergosterol in propylene glycol; this was diluted 1: 100 in water and 
0.14 cc. of the diluted solution was given by mouth. Two groups 
of rats were given a second dose on the 10th day, and then were 
bled on the 22nd day. The symbols in the last column of Table 
III show the results of the line tests in each of the rats whose bloods 
were pooled for each set of analyses. The dose of irradiated 
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ergosterol thus given induced at least + + healing in the epiphyses 
after 10 days. The inorganic P in the serum increased somewhat 
above the rachitic level, but remained low at around 3.5 mg. per 
100 cc., as previously observed by Warkany (27). The inorganic 
P in the cells, on the other hand, decreased to very low concentra- 
tions in the 5 and 7 day samples and increased only slightly in the 
10 and 22 day samples; even in the latter the ratio of cell to serum 
values remained far below normal. Since the inorganic P con- 
centrations increased in the serum and decreased in the cells, the 
values for the whole blood appear to be very little higher than 
those found in the untreated rachitic rats. The concentration 
of organic acid-soluble P in the cells was approximately normal in 
the 5 and 7 day samples, but tended to be slightly lower in the 10 
and 22 day samples. The concentration of diphosphoglycerate P 
in the cells of the 3, 5, and 7 day samples was nearly double that 
found in the bloods of the untreated rachitic rats, and even con- 
siderably higher than in the normal rats. In the 10 day samples 
this value had decreased to about normal, and in the 22 day 
samples it was slightly below the average normal level. The 
concentration of adenosinetriphosphate P in the cells of the 3, 
5, and 7 day samples was very little changed from the rachitic 
values, but rose to approximately normal in the 10 and 22 day 
samples. 

Healing Rickets, Induced by Addition of Phosphate to Rachitogenic 
Diet and by Fasting (Table IV)—-NaH2PO, was added to the diets 
of 21 day rachitic rats to make the Ca:P ratio 1:0.5, and groups 
of these rats were bled at 5, 10, and 15 days after the change in 
the diet. In the 5 day samples the inorganic P was found in- 
creased in the serum and slightly decreased in the cells, compared 
with the values for the rachitic rats. In the 10 and 15 day 
samples, however, the inorganic P in the cells had increased some- 
what. The concentration of organic acid-soluble P in the cells 
was somewhat low (around 50 mg. per 100 cc.) in all samples. 
High normal values for the concentration of diphosphoglycerate 
P in the cells were found in the 5 day samples, but lower values 
were found in the 10 and 15 day samples. 

Groups of 50 day rachitic rats, given this diet with P added to 
make the Ca:P ratio 1:0.5, were bled after 5,9, and lb days. The 
changes in the distribution of acid-soluble P in these bloods were 
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essentially the same as those found in the 21 day rachitic rats de- 
scribed above. 

In some groups of 21 day rachitic rats NaH,PO, was added to 
the rachitogenic diet to make the Ca:P ratio 1:1.1; the rats were 
bled after 2, 10, and 14 days. The inorganic P in the serum, de- 
termined in two of these samples, at 2 and 10 days, respectively, 
after the change in the diet, was found increased to a normal con- 
centration and higher, in agreement with the findings of Karelitz 
and Shohl (28) under similar conditions. In the 2 day samples 
the organic acid-soluble P and diphosphoglycerate P in the cells 
attained low normal concentrations, but the adenosinetriphos- 
phate remained low. In the 10 and 14 day samples all values 
were essentially normal. 

Two groups of 21 day rachitic rats were fasted for 14 and 3 
days, respectively, and then were bled. While the inorganic P 
in the serum of these bloods was high, as previously reported by 
Wilder (6), the inorganic P in the cells remained low. Likewise 
the concentration of adenosinetriphosphate in the cells remained 
low, while the organic acid-soluble P increased to around 50 
mg. per 100 cc. and the diphosphoglycerate attained a normal 
level after 14 days. 


DISCUSSION 


These experiments offer further evidence that diphosphoglyceric 
acid in the blood cells acts as an important transport substance 
in the intermediate phosphorus metabolism of the body, a réle 
postulated for this compound in previous communications (18, 
21). The relationship of these chemical changes in the blood to 
the development and healing of rachitic lesions in the bones is not 
clear. While Robison and his coworkers (29) have suggested 
that certain phosphoric esters may be concerned in ossification, 
it is not definitely known whether phosphorus must pass through 
the ester stage before it can be assimilated by bone. It may be 
said, however, that under the conditions of the experiments cited 
here, a marked decrease in concentration of diphosphoglycerate in 
the blood cells can be correlated with the development of rickets, 
and that healing is preceded by increases of phosphoglycerate in 
the cells. The changes of inorganic P and adenosinetriphosphate 
in the blood, previously demonstrated by other investigators in 
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similar experiments, are closely interrelated with the changes of 
phosphoglycerate. 

The finding that the changes in phosphorus distribution in the 
blood were similar when healing of rickets was induced in different 
ways suggests that the same chemical reactions were called into 
play by the several procedures. Those procedures (administra- 
tion of irradiated ergosterol, addition of P to the diet, and fasting) 
all make for greater availability of phosphorus for purposes of 
transfer in the body, and the mechanism of transfer involves a 
series of chemical changes which are closely linked with various 
metabolic processes in addition to those concerned with ossifica- 
tion. 

The modern theory of glycolysis, developed by Embden, 
Meyerhof, Parnas, and others (reviewed by Robison (30)) offers 
some help to the understanding of these changes. According to 
current concepts, P is transferred from adenosinetriphosphate to 
glucose, to yield hexosediphosphate which is then split into two 
triose phosphates. By reaction with pyruvic acid, these produce 
phosphoglyceric acid, which in turn is broken down and its P 
transferred to adenylic acid, thus reproducing the adenosinetri- 
phosphate. The reaction between pyruvic acid and triose phos- 
phate which yields phosphoglyceric acid is linked with an 
esterification of inorganic P and adenylic acid; this is able to 
compensate losses due to phosphatase action (Dische (31)). 
These reactions may be represented by the following simplified 
diagram. 


Triose phosphate + pyruvic acid —---—> phosphoglycerate 
* - 
r | 
Hexosephosphate 
a y 
‘“ 


Inorganic P 

' i ‘¢ 

Adenosinetriphosphate 

With this scheme of reactions in mind, an attempt can be made to 
visualize the reactions taking place in the blood during the healing 
of rickets. The increase in available phosphorus effected by the 
administration of irradiated ergosterol, fasting, or the addition of 
P to the diet is followed by increased synthesis, or esterification, 
in the cells, the P first passing over to adenosinetriphosphate and 
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then to phosphoglycerate, in a series of reactions similar to those 
which have been described for glycolysis. The concentration of 
phosphoglycerate in the blood cells increases first to high values, 
while the inorganic P and adenosinetriphosphate concentrations 
remain low. The low concentrations of inorganic P and adeno- 
sinetriphosphate can be explained by an increased rate of the 
reactions going in the direction of phosphoglycerate synthesis. 
After a time, when equilibrium is reached, the phosphoglycerate 
decreases and the inorganic P and adenosinetriphosphate increase. 
This equilibrium may be reached when a balance is attained be- 
tween the available supply of P and the demand for its transfer 
to different parts of the body. 


SUMMARY 


In rats given a high Ca, low P rachitogenic diet, the develop- 
ment of rickets was associated with decreases first of inorganic P 
and of adenosinetriphosphate and then of diphosphoglyceric acid 
in the blood cells. Healing of rickets, induced in these animals 
in different ways, was preceded by increases first of diphospho- 
glyceric acid and then of adenosinetriphosphate and inorganic P 
in the blood cells. The interrelationship of the changes of in- 
organic P, adenosinetriphosphate, and diphosphoglycerate is 
discussed, and it is suggested that the conversions of these sub- 
stances in the blood cells constitute important steps in the mech- 
anism of transport of phosphorus in the body. 
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THE ENDOCRINE CONTROL OF LIPID METABOLISM 
IN THE BIRD* 


II. THE EFFECTS OF ESTRIN ON THE BLOOD LIPIDS OF THE 
IMMATURE DOMESTIC FOWL 


By F. W. LORENZ, I. L. CHAIKOFF, ann C. ENTENMAN 


(From the Division of Poultry Husbandry of the College of Agriculture, Davis, 
and the Division of Physiology of the Medical School, 
University of California, Berkeley) 


(Received for publication, September 15, 1938) 


The striking changes that appear in the lipid content of blood 
and liver in association with the onset of maturity have been the 
subject of previous reports from this laboratory (1, 2). In order 
to determine the mechanism whereby these changes are brought 
about, studies have been undertaken on the effects of the adminis- 
tration of hormones on the lipid metabolism of the bird. It was 
shown that prolonged administration (21 days) of pregnant mare 
serum, which contains the gonad-stimulating principle, led to a 
rise in all lipid constituents of the blood, although neutral fat 
was principally affected (3). So far as the blood lipids were con- 
cerned, the effects produced by the administration of the preg- 
nant mare serum were similar to those observed in birds in which 
laying had spontaneously occurred, but the liver lipids, the content 
of which rises in the laying state, failed to respond to the hormone 
administration. The question now arises whether its effect here 
is secondary; 7.e., brought about through its stimulating effect 
upon ovarian activity. To determine this, it became necessary 
to investigate the influence of the ovarian hormones themselves 
upon lipid metabolism. It is shown in the present investigation 
that estrin in suitable doses can double the lipid content of the 
blood in as short a time as 24 or 48 hours after its administration. 
It would thus appear that the increased activity of the ovary is 


* Aided by a grant from the Research Board of the University of Cali- 
fornia, and by assistance from the Works Progress Administration. 
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the mechanism whereby pregnant mare serum raises the blood 
lipids in birds. 


EXPERIMENTAL 


An estrogenic concentrate was prepared from pregnant mare 
urine by the method of Beall and Marrian (4). The toluene ex- 
tract of concentrated, acid-hydrolyzed urine was extracted with 
peroxide-free ether, washed five times with half saturated aqueous 
sodium carbonate solution and four times with water, and evap- 
orated to dryness in an atmosphere of CO,. This concentrate, 
which was assayed' on ovariectomized rats, contained 25,000 
rat units of estrin per cc. For injection the material was diluted 
1:25 with corn oil. 

Single comb white Leghorn chicks of the Poultry Division stock 
were used in this investigation. The female birds were immature 
and 74 days old, the male birds 66 days old, when injections were 
started. They were fed the stock diet, the composition of which 
has been recorded elsewhere (2). The estrogenic concentrates 
were administered intramuscularly in amounts varying between 
500 and 3000 rat units. For control studies, birds were injected 
with the same quantity of corn oil as was used for diluting the 
hormone concentrate. 

Blood lipid examinations were made at various intervals, in most 
cases at 24 or 48 hours after the hormone treatments had begun. 
In the 24 hour cases the total dose was divided into three portions 
and all injections made within 1 day; in those of 48 hours the 
total dose was divided into six equal portions and all these were 
injected during 2 successive days. Injections were made into the 
pectoral muscle at 8 a.m., 12 m., and 4 p.m. Blood samples 
were obtained by heart puncture between 8 a.m. and 10 a.m. on 
the morning following the last injection, and before this the birds 
had been deprived of food for 16 hours. 


Results 


The lipid levels of the blood of the control group are shown in 
Table I, while the results obtained in birds treated with the hor- 
mone are recorded in Tables II to IV. Table II contains the 


1 We are indebted to Dr. H. H. Cole of the College of Agriculture at 
Davis for assays of the hormone used in this study. 
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values found in immature female birds examined at 24 and 48 
hours after initiation of estrin treatments. Table III shows the 
effects of estrin on male birds. 

Immature Female Birds—24 hours after the estrin treatments 
were begun, striking changes in the levels of the blood lipids had 
already occurred (Table I1). The effects obtained with the larger 


' 


Tas.e I 
Whole Blood Lipids of Control Birds 
Each bird received 1 to 3 cc. of corn oil intramuscularly. 
: Cholesterol z 2 
| | 3 3 ~ 5 in =] 3 

; s S 3 3 B | ae 
z | z | : SElEi - » | a2 $\5 a3 
z | | 3 trip se. ~ g = =s cies 83 
a\slelsisler s/h) a] a a") a] & la 
mg. mg. mg. mg. mg. mg. my 
| gm. | days| cc hrs per | per per per per per per 
100 cc. | 100 ec. | 100 ce. | 100 ce. | 100 ce. | 100 ee. | 100 ec. 
53 | F. | 580 | 74) 3 | 3 | 24/121 | 90 | 31 | 317 | 281 | 438 106 
54 |“ | 630/74| 3) 6 | 48/119) 92) 27 | 330) 177) 449 | 191 
55 | “ | 650 | 74/ 3 | 3 | 24/ 112| 70 | 42 | 287 | 251 | 399 88 
56 | “* | 840 74/3 | 6 | 48/116) 76 40 | 350 | 292 | 466 | 125 
75 | “ | 650/73] 1] 1 | 12] 108| 89| 19 | 285 | 281 | 393 8 
63 | “ 640 | 73 | 1} 1 | 3] 78) 75| 3 | 358) 331 | 436 | 134 
64 |“ | 610/73! 1 | 1 | 3| 128| 103 | 25 | 334 | 302 | 462 | 114 
84 |M.| 700/66) 3 | 6 | 48| 135) 84 | 51 | 311 | 295 | 446 | 76 
8 | “ | 810} 66| 3 | 6 | 48| 128 95 33 | 280 257 408 | 84 
86 | “ | 750 | 66 | 3 | 6 | 48/111 | 89 | 22 | 245 | 232 | 356) 73 
87 | “ | 630 | 66; 3 | 6 | 48) 113 | 106 | 7 | 320 238 433 | 155 
88 | “ | 750/66 3 | 6 | 48 | 122) 110 | 12 | 356 | 259 | 478 | 174 
89 | “ | 670 | 66) 3 | 6 | 48) 141 | 106 | 35 | 361 | 292 | 502 140 


* Time between the first injection and the time blood was taken for 
lipid analysis. 

t Fatty acids other than those in combination with phospholipids and 
cholesterol. 


doses, i.e. 2000 and 3000 units per bird, were greater than those 
observed with 1000 or 500 units, although increases varying from 
70 to 100 per cent in the concentration of total lipid were found 
with the two latter dosages. All lipid constituents were not 
equally affected. While definite rises were noted in phospholipids 
and to a lesser degree in total cholesterol, the lipid constituent 
that showed the most marked response was neutral fat. 
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At the 48 hour interval (Table II) the values observed for total 
lipids were higher than those found at the earlier interval when 
doses of 1000, 2000, and 3000 units per bird were employed. Here 
again the most pronounced change occurred in neutral fat, al- 


TaBLe II 

Effect of Varying Doses of Estrin upon Whole Blood Lipids of Female Birds 

The portions of estrin were injected at 8 a.m., 12 m., and 4 p.m. The 

preparation contained 1000 rat units per ec. of corn oil. Each bird was 74 
days old at the time injections were started. 


[ 
Residual 





. Cholesterol | Total ¥ 
Bird Total Weight in” | is Z ; | fatty | I hos- Total | fatty 
No. dose : id pholipid| lipid | id 
| Total | Free | Ester | *i48 | =— 


Determinations made 24 hrs. after first injection. Total doses were 
divided into three equal portions 


rat | gm. | mg. per | mg.per | mg.per mg. per | mg. per | mg. per | mg. per 
units * | 100 ce. 100 ec. 100 ce. 100 ec. 100 ec. 100 ce. | 100cc. 


37 | 3000| 670 | 157 | 101 | 56 | 780 | 443 | 937 | 442 
38 | 3000) 620/ 159 | 115 | 44 | 919 489 | 1078 | 566 


41 | 2000| 740 | 143 | 108 35 640 390 783 | 352 
42 | 2000; 630 | 185 | 134 | 51 | 1015 | 529 | 1200 | 624 
45 | 1000 | 730 | 150 | 111 | 39 | 678 | 450 | 828 | 348 
46 | 1000) 510 | 164 | 106 58 577 | 364 | 741 | 291 
49 | 500/ 660| 176 | 98 | 78 | 471 | 334 | 647 | 190 
50 | 500) 151 | 109 | 42 | 608 | 416 | 759 | 208 


divided into six equal portions 


39 io 700 | 232 | 174 58 | 1729 | 724 | 1961 | 1202 
| 


| 
40 | 8000 | 560 | 198 | 133 65 | 1086 | 551 | 1284 | 670 
43 | 2000/ 730 | 177 | 118 | 59 | 774 | 413 | 951 | 454 
44 | 2000/ 600 | 227 | 155 | 72 | 1148 | 525 | 1375 | 743 


47 1000 620 219 142 | 77 1041 480 1260 663 
48 1000 690 200 | 135 65 952 443 | 1152 608 
51 | 500) 610 196 155 41 379 240 575 188 


though free and esterified cholesterol and phospholipids increased 
considerably. 

Male Birds—The lipid content of the blood of male birds (con- 
trols) that received 3 cc. of corn oil in equally divided doses over a 
period of 48 hours was 356 to 502 mg. per cent (Table I). In 
three birds that had received 2000 rat units of estrin contained 
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TaBie III 
Effect of Estrin on Whole Blood Lipids of Male Birds 


Each bird received 2000 rat units in 2 ce. of corn oil intramuscularly. 
All birds were 66 days old at the time injections were started. 


| wy ¥ | Resid - 

Bird | weight| Ingoor | Inter |___ NOMA! __—| Tetey | poor | Total | ,ual 
7 | tions Total | Free Ester acids ipid aside 

| gm. hre, | "8: Per| mg. per| mg. per| mg. per mg. per| mg. per | me. per 

100 ec. | 100 ce. | 100 ce. | 100 ee. | 100 ce. 100 ce. | 100 ce. 

78 | 650 3 24 121 | 100 | 21 529 432 650 | 224 
80 | 600 | 3 24 159 | 130 | 29 | 600 | 522 | 759 | 229 
82 | 950 | 3 24 | 45 | 99 | 46 | 553 | 375 | 698 | 268 
79 | 70 6 48 | 183 | 120 | 63 | 890 | 511 | 1073 | 502 
81 | 720| 6 48 | 188 | 137 | 51 | 899 | 400 | 1087 | 604 
83 | 800 | 6 | 48 | 169 | 126 | 43 | 857 | 408 | 1026 | 552 


TaBLe IV 


Time of Onset of Blood Lipid Changes Following Injection of 3000 Rat Units 
of Estrin into Immature Female Birds 


Whole blood was used for the analyses. The dose recorded was given 
as a single intramuscular injection in 1 cc. of corn oil. All birds were 
73 days old at the time the injections were started. 


| | i 




















| Inter- { Cholesterol | es 
: rm Total | > | Residual 
oe Weight aa =e a fatt phelpid | ber fatty 
var injec- | Total Free Ester | ®* acids 
tion | } 
a a ms are s ae 9 » 
- | te mg. per | mg. per | mg. per | mg. per | mg. per | mg. per | mg. per 
g * | 100ce. 100 ec. 100ce. | 100ce. | 100ce. 100 ec. 100 ec. 
69 | 630 | 3.2} 112 8 | 26 | 340 | 267 | 452 | 1483 
70 | 660 | 3.2) 110 | 86 | 24 | 326 | 274 | 436 124 
61 | 720 | 3.4) 96 | 80 16 | 366 | 191 | 462 | 226 
62 610 | 3.5| 137 | 84 53 | 302 | 266 | 439 | 85 
} | 
77 600 | 6.3| 108 | 7% 32 | 296 234 404 | 115 
66 650 | 6.3 95 | 83 12 410 262 505 226 
67 610 | 6.4; 102 86 16 347 270 449 | 154 
89 


68 | 610 | 6.5| 104 15 | 300 | 292 | 404 93 


71 680 | 12 121 98 23 590 | 390 7ll | #312 
72 | 690 | 12 109 13 569 | 456 678 254 


96 
73 | 535 | 12.5 97 82 15 477 283 574 276 
74 | 630 | 12.5) 139 88 


51 607 400 746 301 
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in 3 ec. of corn oil that had been administered in six equally di- 
vided doses over a period of 48 hours, the blood contained 1026, 
1073, and 1087 mg. per cent of total lipids (Table III]). When the 
same doses were given in three equal parts over a period of 24 
hours, the blood examined at the end of this period contained 
between 650 and 759 mg. per cent of total lipids. As noted 
above, all lipid constituents shared in this rise, but the most 
pronounced effect was found in neutral fat. 

Time of Onset of Lipid Changes in Blood—In view of the positive 
effects of estrin, it became of interest to determine the time of 
onset of these lipid changes. The maximum dose previously 
used, namely 3000 rat units per bird, was administered to twelve 
immature female birds insingle injections and the blood examined 
at 3,6, and 12 hours thereafter (Table IV). The results show 
that no effects were obtained with this large dose at the 3rd and 
6th hour after the hormone administration, but by the 12th hour 
significant rises had occurred. The two lipid constituents that 
responded during this short interval were neutral fat and phospho- 
lipids; none of the cholesterol fractions had yet shown a change 


at this time. 
DISCUSSION 


Lipid metabolism in the bird is unique in that it is under the 
control of the ovarian hormones. This has now been shown by 
three sets of observations: (a) the enormously high lipid levels 
in the blood of birds in the active laying state (1), (b) the doubling 
of the lipid content of the blood produced by experimental stimula- 
tion of the ovaries of immature birds by pregnant mare serum (3), 
and (c) the marked rise in blood lipids that follows the introduction 
of an exogenous source of the ovarian hormone, estrin. 

The rapidity of the response of the blood lipids to estrin—within 
12 hours after the hormone injection—is indeed worthy of note, 
for in this respect estrin differs from pregnant mare serum, which 
required prolonged administration before the blood lipids rose 
(3). 

Even more striking than its effect on the female bird is the rise 
in blood lipids of the male that follows the intramuscular injee- 
tion of estrin. It was previously shown here that when the gonad- 
stimulating principle of pregnant mare serum was injected into 
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immature female birds, a rise in blood lipids occurred if an oviduct 
size of at least 10 gm. had been attained (3). The rise in blood 
lipids now produced by estrin in the male bird shows that the 
relation between the level of the blood lipids and the oviduct size 
is not causal. The size of the oviduct is probably an index of 
ovarian activity under the influence of the pregnant mare serum 
and when enough of the ovarian hormone has been secreted to 
stimulate the oviduct to a growth of at least 10 gm., this amount 
of hormone is also enough to increase the blood lipids. It would 
therefore seem that estrin has a direct effect on lipid metabolism 
of the bird and that the rise in blood lipids does not require the 
intervention of egg production or of the accessory sex organs such 
as the oviduct. 


SUMMARY 


1. Estrin raises the blood lipids of the immature female bird. 
After the intramuscular injection of 3000 rat units, the total lipid 
content of the blood is more than doubled. 

2. This effect on the immature female bird is obtained rapidly; 
i.e., Within 12 hours after a single injection of 3000 rat units of 
estrin. 

3. The blood lipids of the male bird also respond to estrin. 
Total lipid values well over 1000 mg. per 100 cc. of whole blood 
were found after the injection of 2000 rat units of the hormone. 

4. All lipid constituents, namely cholesterol, phospholipids, 
and neutral fat, share in the rise, but the most pronounced effect 
is produced upon neutral fat. 
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A METHOD FOR THE DETERMINATION OF SMALL QUAN- 
TITIES OF ASCORBIC ACID AND DEHYDROASCORBIC 
ACID IN TURBID AND COLORED SOLUTIONS IN THE 
PRESENCE OF OTHER REDUCING SUBSTANCES 


By OTTO A. BESSEY* 
(From the Harvard Dental School and the Departments of Pathology and 
Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, August 16, 1938) 


Most of the chemical methods which have been proposed for the 
estimation of ascorbic acid have been based upon the principle 
that, under suitable experimental conditions, ascorbic acid more 
or less specifically and quantitatively reduces certain colored 
reagents (1). The simplicity of manipulation plus the relatively 
close correlation between the vitamin C content of plant and ani- 
mal tissues (biologically assayed) and the titration value against 
2,6-dichlorophenol indophenol has led to extensive use of this 
reagent (2-4). 

Although the titration procedure has been very useful and 
quite satisfactory for most plant tissue and some animal tissues, 
there are several limitations and hazards involved in its general 
use. The process of titration, with usual end-point detection, is 
not precise for the determination of small quantities of ascorbic 
acid. It has been impossible to analyze extracts satisfactorily 
which are highly colored, such as those from beets, berries, and 
certain leaves. Turbid solutions lead to high end-points. The 
presence in most animal tissues and fluids of substances other 
than ascorbic acid, which slowly reduce the dye, results in high 
and indistinct end-points. Another important objection has 
been the difficulty of defining the conditions under which the 
extracts and reagents are most stable and the reactions quantita- 
tive. The need of frequent standardization of the dye solution 
is inconvenient. 

* With the support of the University Committee on Research in Dental 
Medicine. 
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By direct titration only the reduced form of the vitamin is 
estimated. The question has arisen as to how much of the re- 
versibly oxidized (dehydroascorbic acid) but biologically active 
form may be naturally present in some tissues, or present in the 
extracts as a consequence of the method of extraction. The in- 
creased titration value after treatment with hydrogen sulfide has 
been generally used as a measure of dehydroascorbic acid, al- 
though the practical optimum conditions for this reaction have 
not been clearly determined (5-8). 

Many new problems of ascorbic acid chemistry and metabolism 
would become subject to study if a more precise analytical method 
were available. 

Mindlin and Butler (9) have recently suggested a photoelectric 
method for ascorbic acid determinations in plasma. However, 
this procedure is limited to use with clear, colorless filtrates and 
solutions. This paper describes a development and modification 
of the photoelectric method suitable for general use and which 
overcomes most of the objections and limitations of the titration 
technique. A precision of 1 to 3 per cent on samples containing 
6 to 20 micrograms of ascorbic acid or dehydroascorbic acid is 
possible by this new procedure. 

A 3 per cent metaphosphoric acid extract of the unknown is 
buffered to pH 3.5 to 3.7. The decrease in the concentration of 
the colored, oxidized form of the dye in an aqueous solution of 2,6- 
dichlorophenol indophenol by the addition of a quantity of the 
buffered extract insufficient to reduce the dye completely is 
measured by means of a photoelectric colorimeter (10).!_| Dehy- 
droascorbic acid is represented by the difference between the 
above determination and one carried out on an aliquot of the same 
buffered extract after treatment with H.S and subsequent elimina- 
tion of the highly reducing sulfide by a stream of wet nitrogen. 
The instrument is operated in a manner to correct automatically 
for turbidity or extraneous pigments. As pointed out by Mindlin 
and Butler, observations of the rate of fading of the color with the 
time permit the detection and correction for the effects of inter- 
ference from most substances, naturally occurring. ‘The method 


1 The design and discussion of the principle of operation of this type of 
instrument have been published by Evelyn (10). 
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eliminates the subjective reading of an end-point and the need 
of an accurately standardized dye solution” (9). 


Determination 


Apparatus and Reagents—The Evelyn photoelectric colorimeter 
with Filter 520, as previously described, has been used (9, 10). 
However, any equivalent instrument should suffice. 

The 2,6-dichlorophenol indophenol solution is made by dis- 
solving approximately 8 mg. of the crystals in 500 cc. of warm dis- 
tilled water, cooling, and filtering. Keep in the ice chest when 
not in use. The dye solution slowly changes, but remains satis- 
factory for use for about 10 days. 


TABLE I 


Rate of Conversion of Metaphosphoric Acid to Orthophosphoric Acid; 
3 Per Cent Solution 


Orthophosphoric acid, mole per cent 


Temperature 
0 hr. 24 hrs. 3 days 14 days 
A 
5 8.1 8.2 8.2 9.6 
25 8.1 11.6 17.4 
38 8.1 16.1 26.3 
d 


Metaphosphoric acid solution (6 per cent) is made by dissolving 
the clear sticks of glacial metaphosphoric acid in distilled water 
and filtering. This stock is left in the ice box and 3 per cent acid 
made as required. Metaphosphoric acid slowly reacts with water 
to form the more acid orthophosphate. The rate of this change at 
different temperatures has been measured (by analysis for ortho- 
phosphate by the method of Fiske and Subbarow (11), Table I). 
The acid remains satisfactory for use after 15 days at 5°. 

Citrate buffer. 21.0 gm. of citric acid are dissolved in 200 cc. of 
1.0 N (carbonate-free) sodium hydroxide and diluted to a volume 
of 250 cc. The pH of various quantities of this buffer with 3 
per cent metaphosphoric acid is shown in Table II. This table 
is useful for the preparation of the proper blank solution as re- 
quired in the procedure. 

Procedure—A representative portion of the tissue (0.5 to 2 gm.) is 
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‘ weighed and an extract prepared, as previously described by Bessey 
and King (2) except that 3 per cent metaphosphoric acid is used as 
the extracting reagent. The size of the sample and the final volume 
of the extract should be selected so that each 50 ec. of extract 
contains 100 to 450 micrograms of ascorbic acid. In most cases, 
by this method the volume of the solids of the sample is insignifi- 
cant compared with the total volume of the extract and it becomes 
more practical and nearly as precise to use an accurately measured 
volume of extracting medium and dispense with the procedure of 
washing. 

To 25 cc. of the centrifuged extract are added 7 cc. of the citrate 
buffer, which brings the pH to 3.5 to 3.6 for most plant tissues. 


TABLE II 


pH of Metaphosphoric Acid-Citrale Buffer Mixtures Measured with Glass 
Electrode at 25° 


25 ec. of 3 per cent metaphosphoric acid. 








Citrate buffer | pH of mixture 

ce. 

12 4.02 

10 3.90 
9.0 3.77 
8.0 3.67 
7.0 3.48 
6.0 3.30 
5.0 3.02 


Only 6 cc. of the buffer should be used for most animal tissues.* 
The concentration of the colored oxidized form of the dye remain- 
ing after reaction with the ascorbic acid of the sample is deter- 
mined as follows: With the photoelectric colorimeter set so that 
the galvanometer reads 100 for a tube of distilled water, 4 cc. of 
the buffered extract are qitickly blown from a pipette into 4 cc. 
of the aqueous dye solution and the tube inserted into the machine 
within 5 seconds. A reading is made 15 seconds after the initial 
mixing (Gs;) and again at 30 seconds (Gs.). A small crystal of 


* Owing to the differences in buffering power of tissues and the quantity 
used with a given volume of extractant, it is advisable to check roughly 
the final pH of the buffered extracts. 
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ascorbic acid is then added and a reading made after the dye has 
been completely reduced (Gsr). This gives a measure of the 
turbidity or color of the extract and is used to make a correction 
as follows: The machine is now adjusted so that a tube containing 
4 cc. of 3 per cent metaphosphoric acid buffered to the same pH 
as the extract (Table II) plus 4 ec. of the dye and a crystal of 
ascorbic acid (completely reduced) reads the same as the reduced 
sample (Gsr). With the instrument set in this position, the con- 
centration of the dye reagent (blank reading) is determined as 
follows: Mix 4 ec. of 3 per cent metaphosphoric acid buffered 
to the same pH as the extract with 4 ec. of the dye reagent and 
read in the instrument after 15 seconds (Gb). 

The amount of ascorbic acid in the sample solution is calculated 
by use of the following equation in the manner previously de- 
scribed by Mindlin and Butler (9). 

C = K, (log Gs — log Gb) 


The value for A, was previously determined by treatment of 
buffered metaphosphoric acid solutions of pure ascorbic acid in 
the manner described above. These solutions were standardized 
by iodine titration (2). Under the conditions used K, was found 
to have a value of 0.088 + 0.002. 

If there is an appreciable drift due to the slower reduction of 
the dye by substances other than ascorbic acid, the value Gs is 
obtained as follows: 

Gs = Gs; — (Gs, — Gs) 
While this is necessarily an estimate, experience has shown (Table 
VI) this procedure to be quite accurate. oe 

Dehydroascorbic acid is determined by bubbling H,8 slowly for 
15 minutes through 5 to 7 ec. of the buffered extract in a 15 ee. 
conical centrifuge tube, allowing to stand 2 hoursat room tem- 
perature, and freeing of H.S by bubbling with wet tank nitrogen 
for 45 minutes to 1 hour. The total ascorbic acid is then deter- 
mined as previously described. The difference in the two analyses 
represents the dehydroascorbie acid. 


Results of Determinations by Method Presented 


The close agreement (Table III) between determinations made 
on clear, colorless ascorbic acid solutions and on the same solu- 
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tions made turbid or colored by a variety of substances indicates 
the validity and precision of the method. The errors are of the 
same order as those found for duplicate tests on pure ascorbic 
acid solutions. The reduced sample and blank are conveniently 
read after 30 seconds reaction with an excess of ascorbic acid. At 
this time the reduced blank usually reads slightly less than the 
pure solvent. Preparation of a colorimeter tube containing ex- 
tremely dilute India ink of such turbidity that it reads the same 
as the reduced blank can be used to avoid the necessity of pre- 
paring a reduced blank for each determination. 

The procedure for plasma ascorbic acid previously described 
by Mindlin and Butler requires a crystal-clear filtrate. We sug- 
gest that the excess dye always be reduced and the bianks deter- 
mined in the above manner. Plasma filtrates are not invariably 
clear even though they may appear to be. Tissue extracts are 
usually neither clear nor colorless. After many analyses on all 
sorts of tissues and fluids, we have found no exceptions to the 
performances demonstrated in Table III. 

The extract and reaction system is buffered at pH 3.5 to 3.7 
for the following reasons: (a) this is a sufficiently low pH to in- 
sure reasonable specificity of the dye reaction, and (6) it is not 
acid enough to cause appreciable fading of the dye (9); (c) ascorbic 
acid and dehydroascorbic acid are both stable for several hours 
in this medium, and (d) the reduction of dehydroascorbic acid to 
ascorbic acid by H.S under these conditions is rapid and prac- 
tically complete. 

Buffered metaphosphoric acid solution (pH 3.5 to 3.7) of ascor- 
bie acid and dehydroascorbic acid, as well as extracts of several 
types of tissues containing added dehydroascorbic acid, shows no 
significant changes at 25° during periods up to 4 hours (Table IV). 

That the reduction of dehydroascorbic acid by H,S is practically 
complete in less than 2 hours, at pH 3.5 to 3.7, is shown by ex- 
periments recorded in Table V. In more acid solutions than pH 
3.0, the reaction becomes slow and incomplete. Decreasing sta- 
bility and specificity preclude the use of the reaction at a pH higher 
than 4. The dehydroascorbic acid used was formed by iodine 
oxidation of a buffered metaphosphoric acid solution of ascorbic 
acid. The preparation of tissue extracts and treatment with H,S 
was as described under ‘Procedure.” 
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Under the conditions we have used, the treated solution is com- 
pletely freed of H,S by 30 to 40 minutes bubbling with wet tank 
nitrogen. Since this time varies with the nature of the sample, 
rate of bubbling, and many other factors, it should always be 
determined. Traces of HS not detectable by lead acetate paper 
cause large errors and rapid fading of the dye. This point is 
tested by periodically leading the exhaust nitrogen for 5 minutes 


TaBLe III 


Determination of Ascorbic Acid in Turbid and Colored Solutions 


; Degree of 
—— o : pay a Error 
originally Substance added reading determined |100 b- *) 
present when (b) a 
(a) reduced 
(Ger) 
mg. per mg. per 
4 ce. 4 ce. 

0.0232 | No addition 99.0 0.0228 —1.7 
0.0066 Ss ” 99.0 0.0068 +3.0 
0.0232 | BaSO, 94.0 0.0227 | —2.2 
0.0076“ 91.3 | 0.0078 +2.6 
0.0157 | Glycogen 95.0 0.0155 —1.3 
0.0220 = 90.3 0.0214 —2.7 
0.0220 | Tissue extract 92.0 0.0214 —2.7 
0.0076)“ " 89.5 | 0.0074 —2.6 
0.0066 | Green food dye (fast green FCF) 86.5 0.0067 +1.5 
0.0220 | i a _ - = ” 96.0 0.0226 +2.7 
0.0218 | Yellow food dye (tartrazine) 97.0 0.0215 —1.4 
0.00636, ss “ou ee 88.0 | 0.00636 0.0 
0.0218 | Red food dye (erythrosine) 78.0 0.0212 —2.8 
0.00665 - - - > 65.0 0.00702 +5.6 
0.0221 | Beet pigment 50.0 0.0209 +5.4 
0.0082 | Radish pigment 86.0 0.0081 —1.2 


0.0157 | Carrot as 98.0 | 0.0155 =1.3 


into a colorimeter tube containing dilute lead acetate solution. 
If black lead sulfide is not visible, test for turbidity in the color- 
imeter. When the galvanometer reads the same as for the re- 
agents, we have never found trouble from residual H,S. 

One important feature of the photoelectric method for ascorbic 
acid determinations is the opportunity it offers to detect the pres- 
ence of other reducing substances and therefore to estimate cor- 
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rections for their effects. Mindlin and Butler recommended 
plotting the rate of drift on a log scale and extending the curve to 


TaBLe IV 


Stability of Ascorbic Acid and Dehydroascorbic Acid in 3 Per Cent 
Metaphosphoric Acid Extracts Buffered to pH 3.5 to 3.7 with 
Citrate Buffer 





Ascorbic acid per 4 ce. Dehydroascorbic acid 


Nature of extract per ¢ es. 

0 hr. | 4hrs. 0 hr. | hrs. 

| mg. my. mg. mg. 

Ascorbic acid......... ; 0.0220 | 0.0217 | 0.00 0.00 
Dehydroascorbic acid | 0.0051 | 0.0054 | 0.210 0.206 
ED. dadastdscctvs << 0.0185 | 0.0181 | 0.0063 | 0.0060 
Old i i igcueswcae’ oe 0.0213 | 0.0220 | 0.0065 | 0.0062 
Cauliflower............. .....' 0.0172 | 0.0164 | 0.0086 | 0.0083 

SRS Sa -. sees s-| 0.0231 | 0.0228 | 0.00 0.00 
Green beans............... 0.0134 0.0138 0.0072 | 0.0072 
EE ee oe 0.0162 | 0.0158 | 0.0081 0.0079 
RR cada h ks 6 ccu eds. 0.0069 | 0.0066 | 0.0078 | 0.0074 





TABLE V 


Reduction of Dehydroascorbic Acid by HS in Buffered Metaphosphoric 
Acid, pH 34 to 3.7 


Deh ydro- 2 Fa ‘ 
| “acid,” | acid alter | Ascorbic | recovery 
Nature of solution originally 2hrs. | 3 hrs. 100 b 
prewat | page | perdes | 
(a) 
mg. mg. mg. 
Dehydroascorbic acid............ 0.0058 | 0.0056 | 0.0056 | 96.5 
“ Wf neeeeesss+++| 0.0141 | 0.0138 | 0.0139 98.5 
“ er Te 0.0231 | 0.0224 | 0.0228 | 97.0 
5 ee re 0.0057 | 0.0055 | 
wai 0.0068 | 0.0067 
Potato + dehydroascorbic acid...) 0.0202 | 0.0192 | 0.0197 95.0 
Cauliflower...... A Gh ee 0.0074 | 0.0072 
a + dehydroascorbic 
Sean Tees Wikies elRie 4c a> > ...| 0.0209 | 0.0208 | 0.0206 99.5 





zero time. We have followed the simple procedure of subtracting 
the drift recorded during the second 15 second period from the 15 
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second reading.* In Table VI determinations made on pure 
ascorbic acid solutions are compared with solutions which show 
different rates of fading due to added —SH compounds. The 
agreement is good. It is necessary that the colorimeter tube be in 
place for at least 10 seconds before the first reading in order to 
avoid errors due to turbulence and bubbles. 


TaBie VI 
Ascorbic Acid Determinations in Presence of —-SH Compounds at pH 34 
Aasespie Rate Ascorbic | Per cent 
act 7 of drift; acid de error 
origina “Yd Added substance divisions | termined 
ae perl5 | per4ce. 100(° *) 
“— sec. (b) a 
i 
o mg 
0 Glutathione 0.2 mm 0.7 | O 
0.0064 a= 0.7 0.0062 | —3.1 
0.185 | = os” 0.7 0.0182 —1.6 
0 | Cysteine 0.2 mm 1.4 0 
0.0064 | op a 1.4 0.0066 +3.1 
0.0185 | = a 1.4 0.0180 —2. 
0 | l-Cysteinyl-l-cysteine 0.01 ma 6.0 0 ° 
0.0064 “ 0.01 * 6.0 0.0067 +4.7 
* See (12). 
DISCUSSION 


Generally it has been assumed that the increase in titration 
value after treatment of tissue extracts with H.S was due to the 
reduction of dehydroascorbic acid. The validity of the values 
reported in this paper is also dependent upon that assumption. 
Although direct proof is lacking, there are several facts in support 
of this postulate (Table VII). Those tissues which we have 
found to show extra reducing value after treatment with H.S 
demonstrate this fact by reacting with the dye at a velocity as 
great as that of ascorbic acid. It is also significant that in- 
creased reducing power is usually found in those plant tissues 
which have been stored or harvested for a short time, which are 
still in good condition, but which are wilted or are not strictly 
fresh. Potatoes, when first mature, show practically no dehydro- 


*The reaction between ascorbic acid and the dye is complete in less 
than 15 seconds. 
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ascorbic acid, but after a few weeks storage, the dehydroascorbic 
acid gradually represents a significant part of the slowly decreasing 
total ascorbic acid. Such also is the case with cauliflower which 
has stood on the store shelf for a few days. 

Dehydroascorbic acid seems to be destroyed nearly as rapidly 
as the ascorbic acid in the intact plant, since only a small part of 
the ascorbic acid decrease is represented by the dehydroascorbic 


Taste VII 


Ascorbic Acid and Dehydroascorbic Acid of Various Tissues by 
Photoelectric Method 


Dehydro- 


; | : : 
Tissue Ascorbic acid ascorbic acid 


mg. per 100 gm. | mg. per 100 gm, 


EE rere re coseeeel 40 0 
Storage cauliflower (10 days)....... * 29 4.7 
eee aie is ah 45 0 
SP Perec jews 10 1.5 
Canned spinach............ pee ye ee | 8.5 | 1 
Fresh green beans..................... = - 0 
Wilted green beans.............. debgauets .| 4.9 1.2 
New potato (Katahdin).............. 16.3 0.6 

" ** (Green Mountain)........... 19.1 0 

“ «(Irish cobbler)......... 4.3 | 0.5 
Old ‘* (Green Mountain), 10 mos. storage 7.2 1.1 

= - (Irish cobbler), 10 mos. storage. . 6.0 2.0 

- ‘* (Katahdin), 10 mos. storage 7.8 | 2.5 
Strawberries......... Loi. de M4 | 52 | 
Raspberries (red)........ is Several 25 
Blackberries. ...... we Serene ity. ee 
Blueberries (North Carolina)..... Toca nee 6.0 
Beets........ eae case tee 6.0 

5 


bo 


Radishes (red).......... 
acid value (Table VII). In wilted spinach which shows a large 
decrease in ascorbic acid, there appears only a small amount of the 
reversibly oxidized form. This fact no doubt accounts for the 
failure to detect differences between the antiscorbutic potency 
of foods and their titration values. The antiscorbutic effect of 
such small quantities of dehydroascorbie acid would lie within 
the experimental error of the biological method. 

It has been adequately demonstrated (6, 7) that most animal 
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tissues contain a mechanism which reduces dehydroascorbic acid; 
therefore this form of the vitamin is probably not present in sig- 
nificant quantities in fresh tissue. However, analyses by the 
photoelectric method definitely show an increase in reducing value 
of liver and kidney extracts after H,S treatment. This reaction 
velocity is comparable with that of ascorbic acid. The explana- 
tion for this observation seems to be that dehydroascorbic acid 
is formed in certain animal tissues during the process of extraction. 
The evidence that this increase in reducing value in animal tissue 
extracts is due to dehydroascorbic acid is not so strong as is the 
case with plant tissues, and needs further investigation. What- 
ever may be responsible for this extra reducing value in animal 
tissues, the photoelectric method offers a means of measurement. 

Reedman and McHenry (8), as well as other investigators cited 
by these authors, have suggested the presence in certain plant 
tissues of an ascorbic acid compound, insoluble in the acid ex- 
tractants ordinarily used but which liberates the soluble ascorbic 
acid on acid hydrolysis or heating. If this were true, it would be 
necessary to alter methods in which metaphosphoric acid is used 
so as to include the ascorbic acid from this hypothetical combina- 
tion in the analysis. 

We have been unable to confirm the existence of such an insol- 
uble compound in either potatoes or cauliflower, supposedly two 
of the best sources. Also we have been unable to find a more com- 
plete or satisfactory extractant than 3 per cent metaphosphoric 
acid. Table VIII summarizes the result of the analyses of one 
variety of old potatoes and a sample of spinach after extraction 
by various methods. These results are typical of many determina- 
tions made on several varieties of both old and new potatoes, 
cauliflower, and spinach. The ascorbic acid values of potatoes or 
cauliflower which have been finely ground in HCl (0.2 to 1 per 
cent) under nitrogen do not change even after 10 hours hydrolysis. 
Heating the finely divided potato in nitrogen-saturated water 3 
minutes before metaphosphoric acid extraction does not increase 
the total ascorbic acid but makes the sample easier to grind and 
usually leads to a slightly higher proportion of dehydroascorbic 
acid. Cold water extractions are practically as complete as with 
acids, although in this case most of the ascorbic acid appears in 
the reversibly oxidized form. Washed residues from acid extrac- 











782 Determination of Ascorbic Acid 


tions or precipitates obtained by acid treatment of aqueous ex- 
tracts are free (chemically and biologically*) of ascorbic acid. 
However, if the sample is not finely ground and washed after 
extraction, there will remain a small amount of ascorbic acid in 
the residue. The use of small volumes of extracting medium 
(sometimes necessary in the titration technique) and failure to 
grind finely often lead to diffusion effects which might be misin- 
terpreted as hydrolysis. We found no chemical or biological 
evidence to indicate that metaphosphoric acid extraction when 
properly carried out is incomplete. 


Taste VIII 
Effects of Various Extraction Treatments on Ascorbic Acid Values 


Tissue and method of extraction “acid = | Total 
| cid 

mg. per | mg. per Zz mg. per 
100 gm, 100 gm. | 4 100 gm. 
Potato, 3% metaphosphoric acid......... 73.4...284: 1.04 
“1% HCI, cold....... cated 52 | 34 | 86 

- a ** after 2 hrs. (hydroly- 
ae re 3.4 | 8.6 
Potato 1% HCl, hot. 7.2 1.3 | 8.5 
‘¢ water, hot... eiak ta sias ee 1.3 8.3 
os Se SS ce 7. 1 ae 
Spinach, 3% metaphosphoric acid... . 46.4 0 | 46.4 
“« water, cold....... tet ee Tl | 45.1 
a vite oo at SE RN. | 39.8 | 6.8 | 46.6 
4.1 | 2.0 | 46.1 


_— 


| 


- o HCI. aay Ee 


All determinations reported in Table VIII were made on solu- 
tions buffered to pH 3.5 just previous to analysis. Ascorbic acid 
determinations made at widely different pH values, especially in 
tissue extract, are not comparable. Solutions made from reagent 
quality HCl or H,SO, react with the dye even when properly 
buffered and therefore are not recommended for general use. The 
blank determination must be made at the same pH (within 0.1) 
and in the same acid medium as the extract. HCl solutions 
buffered to the same pH as metaphosphoric acid do not show the 


‘Tested in the usual manner by growth response and pathological 
healing in the guinea pig. 
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same color intensity. If cyanide is used, it also must be added to 
the blank or errors will result, owing to independent reaction with 
the dye. 

In Table VII are reported the ascorbic acid analyses of several 
highly colored tissue extracts which have been previously im- 
possible by chemical methods. These values are in good agree- 
ment with previously reported biological tests (3). 


Ascorbic Acid in Urine 


Satisfactory ascorbic acid determinations in urine have been 
difficult because of the yellow color and rapid fading of the dye, 
especially in specimens of low ascorbic acid value. These troubles 
are largely eliminated in the photoelectric method. 

An equal volume of 6 per cent metaphosphoric acid is added to 
25 cc. of urine and centrifuged or filtered if not clear.’ To 25 ce. 
of the acid urine are added 7 cc. of citrate buffer. Run the buf- 
fered urine from a 5 cc. graduated pipette into 4 cc. of the dye 
solution until the dye is completely reduced. Then estimate 
roughly the required dilution so that 4 cc. of the buffered urine 
will incompletely reduce 4 cc. of the dye. Dilute an aliquot of 
the buffered urine with metaphosphoric acid-citrate mixture 
(25:7) to the right concentration and determine the ascorbic 
acid by the procedure previously described. Such a variety of 
reducing substances other than ascorbic acid occurs in the urine 
that it is difficult to eliminate the effects of all of them. Those 
substances which reduce the dye at a slower rate than ascorbic 
acid have been eliminated by the above method. However, 
thiosulfate, which reacts rapidly with the dye, may be included in 
the analysis. Like previous urine methods this procedure is most 
useful in comparing the excretion value before and after the ad- 
ministration of ascorbic acid. 


SUMMARY 


1. A photoelectric indophenol method has been described for 
the determination of small quantities of ascorbic acid and dehydro- 
ascorbic acid in turbid or colored extracts. 


5’ This ascorbic acid in solution will remain stable for several hours in 
the ice box. 











784 Determination of Ascorbic Acid 


2. Proof for the validity and precision of each step of the method 
is presented. 

3. Determinations show a very good precision for small quan- 
tities of ascorbic acid (6 to 20 micrograms). 

4. Estimation of the extent of interference from other reducing 
substances is possible. 

5. The method is applicable to a wide variety of plant and ani- 
mal tissues and fluids. 

6. Determinations of ascorbic acid and dehydroascorbic acid 
after various methods of extraction are presented and no evidence 
is found that metaphosphoric acid extractions are incomplete. 

7. Ascorbic acid and dehydroascorbic acid analyses for several 
vegetables are given. Determinations in beets and highly colored 
berry juices are included. 


The author appreciates the technical assistance of Miss Priscilla 
Arnold and the support and criticism of Professor A. Baird Hast- 
ings and Professor 8. Burt Wolbach. 
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THE COMPOSITION OF SPHINGOMYELIN FROM 
STROMATA OF RED BLOOD CELLS* 


By 8. J. THANNHAUSER, PAUL SETZ, ann JOSEPH BENOTTI 


(From the Depariment of Medicine, New England Medical Center and 
Tufts College Medical School, Boston) 


(Received for publication, August 2, 1938) 


Biirger and Beumer (1) found that the stromata of red blood 
cells contained diaminophosphatide (sphingomyelin). These au- 
thors estimated the amount present in stromata to be approxi- 
mately 6 per cent of the dry weight. Thannhauser and Setz (2) 
found, quantitatively, between 4 and 5 per cent. The composi- 
tion of sphingomyelin of the red blood cells was previously un- 
known. The purpose of this work was to isolate sphingomyelin 
in pure form from stromata and to establish its composition. 


Procedure 


Defibrinated bovine blood in batches of 40 to 50 liters was cen- 
trifuged in a large Sharples centrifuge. 5 liters of centrifuged 
red blood cells were suspended in 40 liters of water to which had 
been added 35 gm. of sodium chloride. The mixture was centri- 
fuged a second time and the centrifugate hemolized in tap water. 
After adding 25 gm. of sodium chloride, the suspension of red 
blood cells was centrifuged a third time. 6 to 7 liters of acetone 
were added to the centrifugate which was then placed on ice for 
3 days. At the end of this period the supernatant liquid was 
siphoned off and the residue dried in a vacuum drying oven. 
The dry material was then ground in a stone mill. 

The dry stromata were extracted in a large extraction apparatus, 
described by Friinkel and Pollanz (3), with petroleym ether for 
48 hours. This was followed by an ether extraction for a similar 
period. Concentration of the petroleum ether extract produced a 


* This study was aided by grants from the Bingham Associates Fund, 
the Rockefeller Foundation, and the Charlton Fund. 
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substance which gave negative nitrogen, phosphorus, and Molisch 
reactions. By analysis the substance was shown to be largely 
cholesterol. There was a trace of nitrogen and phosphorus found 
in the ether extract. A weak Molisch reaction was also obtained. 
Further investigation of this extract was thought unwarranted. 

The stromata were then extracted with cold 95 per cent alcohol. 
The alcoholic extract was fractionated into three parts by concen- 
tration in a vacuum. Each fraction contained N, P, and choles- 
terol. At that time the separation of sphingomyelin by means of 
Reinecke acid (4) was unknown. Thus it was impossible to sep- 
arate the diaminophosphatides from the monoaminophosphatides. 
All efforts to obtain pure sphingomyelin from this cold extract 
were unsuccessful, 

The material was next extracted with 95 per cent alcohol at 
55° for several hours, at least three times. The pooled extracts 
were concentrated to a small volume and placed in the ice box for 
several days. A brownish colored mass settled to the bottom. 
This precipitate was treated with ether, followed by acetone to 
remove some of its color, and then recrystallized from alcohol. 
This yielded a yellowish solid substance which contained 5.3 per 
cent cholesterol, 2.7 per cent N, and 3.5 per cent P (N:P, 2:1.16). 
The Molisch reaction was slightly positive. The substance was 
treated with hot acetone to remove cholesterol, thereby reducing 
the cholesterol content to 3.3 per cent. Finally the substance 
was mixed with sand and extracted with ether for 48 hours in a 
Soxhlet extractor. The contents of the thimble were dissolved 
in methanol-petroleum ether (1:10), thus separating it from the 
sand. It was then passed through a column of aluminum oxide. 
In this manner the substance was decolorized and rendered free 
of cerebrosides, since the latter are retained in small quantities 
by aluminum oxide (4). The colorless solution yielded, after 
evaporation in a vacuum, a white substance, which was free of 
cholesterol, and cerebrosides containing 3.6 per cent N, 3.94 per 
cent P (N:P, 2:1.1). The latter substance was dissolved in 
warm methgnol, placed in the ice box overnight, and then filtered. 
This: substance gave the following analysis: 


2.845 mg. substance: 6.97 mg. CO:, 2.97 mg. H,O 
5.412 “ 7 : 0.157 ce. No, 738 mm., 19° 
6.980 “ _ : 17.280 mg. phosphomolybdate 
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Palmitic sphingomyelin, C;,HsN;PO;. Calculated. C 64.96, H 11.19, 


N 3.86, P 4.30 

Stearic ™ CuHgsN:PO;. Calculated. C 65.71, H 11.44, 
N 3.74, P 4.15 

Lignoceric - Cy;Ho:N:PO;. Calculated. C 67.72, H 11.72, 


N 3.36, P 3.73 
Found. C 66.82, H 11.68, N 3.29, P 3.60 


When acetone was added to the mother liquor, a snow-white 
precipitate resulted. The acetone-precipitated substance had 
the same crystalline structure (long bent needles) as the fraction 
obtained at 0°. 


Hydrolysis of Sphingomyelin from Stromata of Red Blood Cells 


The hydrolysis of the sphingomyelin, the isolation of the methyl- 
esters of the fatty acids, and their distillation were carried out as 
previously described by Frinkel, Bielschowsky, and Thannhauser 
(5). The molecular weights of the fatty acids were determined by 
titrating against alcoholic KOH. The iodine numbers were 
determined by the method of Rosenmund and Kuhnhenn (6). 
The p-phenyl phenacyl esters were prepared as described by 
Thannhauser and Benotti (7). 

Unlike the sphingomyelins obtained from other organs, a large 
precipitate settled out from the hydrolysis mixture kept overnight. 
This was called Part A. The mother liquor from the above pre- 
cipitate was called Part B. (See Table I.) 

The theoretical amount of methyl ester calculated for lignoceric 
acid would be 900 mg. Our yield was 449 mg. from Part A and 
403 mg. from Part B, giving a total of 852 mg. of methyl esters. 

Part A proved to be lignoceric methyl ester. Part B was di- 
vided into two fractions. One fraction consisted of a small amount 
of fatty acid with a low melting point. This appeared, according 
to the melting point of both the free acid and p-phenyl phenacyl 
ester to be a mixture of palmitic and stearic acids. However, 
the iodine numbers 24 and 29 for Fractions 1 and 2 indicate that 
there are some small quantities of unsaturated substances present 
which may be traces of unsaturated fatty acids. The larger 
fraction contained an acid with a higher melting point. The 
melting point of its p-phenyl phenacyl ester, 104° (pure, 105.5°), 
indicates that the latter substance was largely lignoceric acid. 
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Taste | 
Distillation of Crude Methyl Esters from 1.989 Gm. of Sphingomyelin 
| Outside | Inside | —S=s_| Weight | é "|p-Phenyl 
"No. | tempers tempers. Pressure of free kp. of | Mol. wt.| I No. Dhenacy| 
Part A, 449 mg. methyl! ester 
SRN Em RE TO . 
1 | 195-200, 135-1400 .01-0.015) 370 83.5* | 378 105.5 
Part B, 403 mg. methy] ester 
1 | 144-176 90-98 0.015 | 88 | 65 275 | 24 | 91-92t 
2 188-210, 95-100; 0.01 198 | 78 324 29 =|104 


| 
* Repeated recrystallization from dioxane. Melting point of synthetic 
lignoceric acid, 84.5° (8). Chibnall, Piper, and Williams (8) examined 
lignoceric acid obtained by splitting kerasin from brain. Measuring the 
long crystal spacing in A. by x-ray photograph, they concluded that their 
preparation of lignoceric acid from kerasin is contaminated with 10 per 
cent Cy, 10 per cent Cy fatty acids. The lignoceric acid from natural 
products melts at 81°. They would like to maintain the name lignoceric 
acid only for the synthetic acid (m.p. 84.5°) and to replace the name 
“‘lignoceric”’ from the naturally occurring substance (m.p. 81°) to “‘mixed 
fatty acids.’’ 
t Not enough for recrystallization. 





DISCUSSION 


It is known that the lipid composition of organs differs from 
that found in red blood cells. In contrast, red blood cells contain 
cholesterol only in the free form and not as cholesterol esters 
(Wacker and Hueck (9)). 

The proportion of diaminophosphatide to monoaminophos- 
phatide in other organs, for example spleen and liver, is roughly 
1:5 (unpublished data). In the stromata we found a proportion 
of 1:2. 

This work demonstrates that the composition of the sphingo- 
myelin of stromata varies from that of other organs. Thann- 
hauser and Benotti (7) have shown that spleen contains palmitic, 
stearic, and lignoceric sphingomyelin in the ratio of 2:2:1 (aver- 
age). The analysis of sphingomyelin from red blood cells shows 
that it is composed largely of lignoceric sphingomyelin. This 
fact may have a physiological significance which we are unable 
to explain at present. 
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SUMMARY 


A method has been described for the preparation of sphingo- 


myelin from large quantities of stromata from red blood cells. 
The sphingomyelin obtained was hydrolyzed. The larger frac- 
tion proved to be lignoceric sphingomyelin. 
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Abrine: Synthesis and configura- 
tional relationships (CAHILL 
and JACKSON) 29 

Absorption: Fat (Kou) 

709, 721, 731 
Monosaccharides, intestine, 
monoiodoacetic acid effect 


(KLINGHOFFER) 201 
Sodium chloride, intestine, 
monoiodoacetic acid effect 
(KLINGHOFFER) 201 


Acetic acid: Monoiodo-, mono- 
saccharides, absorption, in- 


testinal, effect (KLING- | 
HOFFER) 201 
—, sodium chloride absorp- 
tion, intestinal, effect 
(KLINGHOFFER) 201 


Acid(s): Fat, egg yolk, lecithin 
and glyceride fractions (Rie- 
MENSCHNEIDER, ELuis, and 
Titus) 255 

Adenosinetriphosphate: Blood 
cells, rickets (Rapoport and 
GUEST) 749 

Adrenalectomy: Carbohydrate 
metabolism, cortin and so- 
dium chloride effect (Ken- 


DALL, Frock, Bouman, 
and Mann) 697 
Mineral metabolism, cortin 
and sodium chloride effect 
(Kenpatt, Frock, Bott- 
MAN, and Mann) 697 | 


799 


Albumin: Blood serum, deter- 
mination (RoBINsoN, PrRIcE, 
and HoGpEn) 207, 213 

Alcohol: Ethyl. See Ethyl al- 
cohol 

Alkali: Buffer, blood, cutaneous, 
determination (Rustin) 


679 

Alkaloid(s) : Ergot (JACOBS 
and GouLp) 67 
Amine(s): Oxidation, pyrrole 
effect (BrerRNHEIM, BERN- 
HEIM, and MIcHEL) 273 
Amino acid(s): Deamination, ox- 
idized phenols, action 
(Hvusarp) 489 
Isomers, oxidation, pyrrole 
effect (Bernuerm, Bern- 
HEIM, and MIcHEL) 273 
Mercuric chloride, reaction 


(Toenntes and Kots) 367 
Racemization, acetylation 
with ketene (Jackson and 
CAHILL) 37 
Ammonium sulfate: Pineapple 
hexosamine, uncombined, ef- 

fect (Stperrs, Youna, and 
KRravss) 233 


Amylase: Wheat, starch, action 


(StamBera and Barer) 
479 


Androgen(s): Urine, characteris- 


tics (Butz and Hatt) 265 


Anemia: Dog (Porrer, Etve- 


HJEM, and Hart) 155 
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Anserine: Muscle, determina- 
tion (Zapp and WILson) 

9, 19 

—, species distribution (Zapp 

and WILson) 19 

Ascorbic acid: Dehydro-, deter- 

mination, micro- (BressEy) 


771 
Determination, micro- (BEs- | 
SEY) 771 
Urine, determination, colori- | 
metric (EveLtynN, MALLoy, | 
and Rosen). 645 
Ash: Bone, vitamin D effect (Cor- 
RELL and Wise) 573 


Asphyxia: Blood serum potas- | 


sium, effect (CaTTELL and 


Civin) 633 
Aucuba: Mosaic virus protein, 
tomato roots, isolation 
(STANLEY) 125 | 
B 
Bile: Gizzard erosion, chick, 
effect (ALMQUIST and 
Mecca!) 407 
Biological material: Calcium de- 
termination, micro-, spec- 


trochemical (DuFFENDACK, 
Tomson, Lee, and Kop- 


PIUS) 1 
Lead determination, micro-, 
spectrochemical (DuFrren- 
DACK, THomson, Leg, and 
Koppivus) 1 


Magnesium determination, mi- 
cro-, spectrochemical (Dur- 
FENDACK, THOMSON, LEE, 
and Koppivus) 1 

Potassium determination, mi- 
cro-, spectrochemical (Dur- 
FENDACK, THomson, LEE, 
and Kopprvs) l 
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Biological material—continued: 
Sodium determination, micro-, 
spectrochemical (DuFFEN- 
pack, THomson, LEE, and 
Koppivs) 1 
Blood: Alkali, buffer, determina- 
tion (Rust) 679 
Ethyl alcohol determination, 
colorimetric (GriBsON and 
BLOTNER) 551 
Iron determination, micro- 
(Brever and MILITZER) 
561 
Lipids, estrin effect (Lorenz, 
| Cuarkorr, and ENTENMAN) 
763 
, pregnancy blood serum, 
effect (ENTENMAN, LORENz, 
and CHAIKOFF) 133 
Sex hormones, male (McCuL- 
LAGH and OsBoRN) 299 
Blood cell: Adenosinetriphos- 
phate, rickets (Rapoport 
and GuEstT) 749 
Diphosphoglycerate, _ rickets 
(Rapoport and GueEst) 
749 
Phosphorus, organic acid-solu- 
ble and inorganic, rickets 
(Rapoport and Guest) 


749 

Red, stroma, sphingomyelin 
(THANNHAUSER, Setz, and 
BENOTT!) 785 
Blood plasma: Inulin determin- 
ation, colorimetric (SrTer- 
NITZ) 589 
Proteolysis, tumor or em- 


bryonic growth (Wert and 
RUSSELL) 245 
Blood serum: Albumin deter- 


mination (Ropinson, Price, 
207, 213 


and HoagpEn) 


> 











Subjects 


continued: 
esters, 
and 


Blood serum 
Cholesterol 
synthesis 
(Sperry and SToOYANOFF) 


deed 
‘a 


enzyme 
hydrolysis 


Globulin determination (Ros- 
INSON, Price, and HoGpEn) 
207, 213 


— precipitation by sodium 
sulfate (Ropinson, Price, 
and HoGpEn) 213 


Pancreas lipase activation, ef- 
fect (RasinowitcH and 
WYNNE) 109 

Phosphatase, vitamin D effect 


(CorreEtt and Wise) 581 
Potassium, asphyxia effect 
(Catrett and Civin) 633 


— determination (CoNnsoLazio 
and TALsoTt) 55 
Pregnancy, blood and liver 
lipids, effect (ENTENMAN, 
LORENZ, and CHAIKOFF) 
133 
Bone: Ash, vitamin D effect 
(CorrRELL and Wise) 573 
Brain: Phospholipid metabolism, 
radioactive phosphorus as 
indicator (CHANGUS, CHAIK- 
orr, and RusBen) 493 
Buffer: Alkali, blood, cutaneous, 
determination (Rusin) 679 


Cc 


Calcium: Amalgam electrode, 
protein and calcium chloride 
interaction, determination 
(JosEPH) 389 

Biological material, deter- 
mination, micro-, spectro- 
chemical (DuFFENDACK, 
Tuomson, Lee, and Kop- 
PIUS) 1 
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Calcium—continued: 
Body, food calcium, effect 
(Lanrorp and SHERMAN) 
381 
Calcium chloride: Proteins and, 
interaction determination, 
amalgam electrode (JosEPH) 
389 
Calcium nitrate: Pineapple hexos- 
amine, uncombined, effect 


(SIDERIs, YOouNG, and 
KRAUSS) 233 
Carbohydrate: Metabolism, cor- 
tin and sodium chloride 


effect, adrenalectomy (Ken- 


DALL, Fiocx, BOoLuMAN, 

and Mann) 697 

Carnosine: Muscle, determina- 
tion (Zapp and WILson) 

9,19 

species distribution (Zapp 

and WILson) 19 


Cholesterol: Esters, blood serum, 
enzyme synthesis and hy- 
drolysis (Sperry and Stroya- 
NOFF) 77 
, tissues, determination 
(SturGces and Knupson) 

543 
Tissues, determination (Stur- 
Ges and Knupson) 543 

Chondroitin: Gizzard erosion, 
chick, effect (Birp, OLESON, 
E.vensem, and Hart) 

671 

Chorioid plexus: Fetus, secretion 
onset (FLEXNeER and STrexn- 
LER) 619 

Secretion, mechanism (STIEH- 
LER and FLEXNER) 603 

Cod liver oil: Vitamin D, new 
(Britis, MAssENGALE, Hick- 
MAN, and Gray) 241 
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Colloid(s): Purification, electro- 
dialysis (JosepH) 403 
Cortin: Carbohydrate and min- 
eral metabolism, adrenalec- 


tomy, effect (KENDALL, 
FLock, BoLLMAN, and 
MANN) 697 
Cottonseed: Hulls, hemicellu- 
loses (ANDERSON, HeEcurT- 
MAN, and SEELEY) 175 
Crystalloid(s): Purification, elec- 
trodialysis (Josern) 403 
Cystamine: Taurocholic acid 


production, effect (VirTUE 
and Doster-VirTvE) 141 
Cysteine: Homo-, thiolactone, 
ring opening (pu VIGNEAUD, 
Patrerson, and Hunt) 


217 

Cystine: Decomposition (Rout) 

147 

Liver fat, effect (Tucker and 

ECKSTEIN) 117 

D 

Dehydroascorbic acid: Deter-— 

mination, micro- (BEssEyY) 

771 

Desoxyribonucleic acid: Struc- 

ture (LEVENE) 63 


Diet: Fat-high, liver fat, effect 
(Tucker and EckstTe1n) 

117 

Diphosphoglycerate: Blood cells, 

rickets (Rapoporr and 

GueEstT) 749 


E 


Egg: Yolk, fat acids, lecithin 
and glyceride fractions (R1g- 
MENSCHNEIDER, ELLIs, and 
Titus) 255 
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Elaidic acid: Storage (Kou.) 
709, 721 
Tissues, disappearance (Kou L) 
731 
Electrode: Calcium amalgam, 
proteins and calcium chlo- 
ride interaction, determina- 


tion (JosEPH) 389 
Embryo: Growth, blood plasma 
proteolysis (Wert and 
RvussELL) 245 
Endocrine: Lipid metabolism, 
effect (ENTENMAN, LORENz, 
and CHAIKOFF) 133 
(Lorenz, CuHarkorr, and 
ENTENMAN) 763 


Enzyme(s): Blood serum choles- 
terol esters, synthesis and 


hydrolysis (Sperry and 
STOYANOFF) 77 
Jones-Dubos (Scumipr and 
LEVENE) 423 
See also Amylase, Lipase, 
Phosphatase, Ptyalin, Ribo- 
nucleodepolymerase, Tryp- 
sin 


Equilin: Iso-, A (HirscHMANN 
and WINTERSTEINER) 737 


Ergot: Alkaloids (Jacops and 
GouLp) 67 
Estrin: Blood lipids, effect 
(Lorenz, CuHarKkorr, and 
ENTENMAN) 763 
Estrogen(s): Ketonic, ovary 
(WESTERFELD, THAYER, 
MacCorquoDALeg, and 
Dotsy) 181 
Estrone sulfate: Urine, preg- 


nancy, isolation (SCHACHTER 
and MARRIAN) 663 
Ethyl alcohol: Blood, determina- 
tion, colorimetric (GrBsoNn 
and BLoTNErR) 551 
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Subjects 


continued: 


Ethyl alcohol 


Urine, determination, colori- 
metric (GIBSON and 
BLOTNER) 551 

F 
Fat: Absorption (Koux_) 


709, 721, 731 
Acids, egg yolk, lecithin and 
glyceride fractions (RIEMEN- 


SCHNEIDER, E.uis, and 
Tirvus) 255 
-High diet, liver fat effect 


(Tucker and EcksTern) 
117 
Fetus: Chorioid plexus, secretion 


onset (FLEXNER and 
STIEHLER) 619 

G 
Gizzard: Erosion, chick, bile 
effect (ALMQUIST and 
MeEccuHI) 407 
~, -- chondroitin effect 


(Birp, O_Eson, ELVEHJEM, 


and Harr) 671 
Gliadin: Liver fat, effect 
(Tucker and EckstTEIn) 

117 

Globulin: Blood serum, de- 

termination (RoBINson, 
Price, and Hogpen) 

207, 213 


, precipitation by 
sodium sulfate (RospInson, 
Price, and HoagpEn) 

Glucuronic acid: Determination 


(Mavueuan, Evetyn, and 
BROWNE) 567 
Glucuronide(s): Conjugated, de- 
termination (MAUGHAN, 


Eve.yn, and Browne) 


567 


213 | 


803 


Glyceride: Fractions, egg yolk, 
fat acids (RIEMENSCHNEIDER, 
Exvus, and Titus) 255 

Gonadotropic activity: Pituitary 
extracts, trypsin and ptyalin 
effect (MecSHan and Meyer) 


361 

H 
Hemicellulose(s) : Cottonseed 
hulls (ANpERsoN, Hecurt- 
MAN, and SEELEY) 175 


Hexosamine: Uncombined, pine- 
apple plants, ammonium sul- 
fate or calcium nitrate effect 
(SIDERIs, Youna, and 
Krauss) 233 

Homocysteine: Thiolactone, ring 
opening (pu ViaNeavup, Part- 
TERSON, and Hunt) 217 

Hypaphorine: Derivatives, prop- 
erties (CAHILL and Jackson) 


627 
Ester, racemization (CAHILL 
and JAcKsoNn) 627 

I 
Intestine: Monosaccharides, ab- 
sorption, monoiodoacetic 
acid effect (KLINGHOFFER) 
201 


Sodium chloride absorption, 
monoiodoacetic acid effect 
(KLINGHOFFER) 201 
Inulin: Blood plasma, determina- 
tion, colorimetric (STEINITz) 
589 
Urine, determination, colori- 
metric (STEINITZ) 589 
Iron: Blood, determination, mi- 
cro- (BREUER and MILITzER) 
561 
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Isoequilin: A (HirscHMANN and 
WINTERSTEINER) 737 


J 


Jones-Dubos: Enzyme (ScHMIDT | 


and LEVENE) 423 
K 


Ketene: Amino acid racemiza- 
tion, acetylation with 
(Jackson and CAHILL) 37 

Ketogenesis: Liver, species 
difference (CoHEN and 
STARK) 97 

Ketolysis: Liver, species dif- 
ference (CoHEN and STaRkK) 

97 


L 


Lactic acid: Determination, ul- 
tramicro- (MILLER and 
Muntz) 413 

Lead: Biological material, deter- 
mination, micro-, spectro- 
chemical (DuFFENDACK, 
THomson, Lee, and Kop- 
PIUS) 1 

Lecithin: Fractions, egg yolk, 
fat acids (RIEMENSCHNEIDER, 
Evuis, and Titus) 255 

Lipase: Pancreas (RABINOWITCH 
and WYNNE) 109 
-, activation, blood serum 
effect (RaBINOWITCH and 
WYNNE) 109 

Lipid(s): Blood, estrin effect 
(Lorenz, CuHarkorr, and 
ENTENMAN) 763 

—, pregnancy blood serum, 


effect (ENTENMAN, LORENZ, 
and CHAIKOFF) 133 
Liver, pregnancy blood serum, | 
effect (ENTENMAN, LORENZ, 
and CHAIKOFF) 133 


Index 


Lipid(s)—continued: 
Metabolism, endocrine effect 
(ENTENMAN, LoRENz, and 


CHAIKOFF) 133 
(Lorenz, CHatrkorr, and 
ENTENMAN) 763 
Tubercle bacillus, chem stry 
(STopo.a, Lesuk, and 
ANDERSON) 505 
(WieGHARD and ANDERSON) 
515 
(Cason and ANDERSON) 
527 
Liver: Fatty, cystine effect 
(Tucker and Eckstern) 
117 
—, fat-high diet, effect 
(Tucker and EckstTe1n) 
117 
, gliadin effect (Tucker 
and EcksTEIN) 117 
—, lysine effect (Tucker and 
ECKSTEIN) 117 
—, methionine effect (TuckER 
and EcksTEIN) 117 


Ketogenesis and ketolysis, spe- 
cies difference (CoHEN and 
STARK) 97 

Lipids, pregnancy blood serum, 
effect (ENTENMAN, LORENZ, 


and CHAIKOFF) 133 
Lysergic acid: -Related sub- 
stances, synthesis (JacoBs 
and GouLp) 67 
Lysine: Liver fat, effect (TucKER 
and EcKsTEIN) 117 


M 


Magnesium: Biological material, 
determination, micro-, spec- 
trochemical (DuFrrenpack, 
THomson, Leg, and Kop- 
PIUS) 1 
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Mercuric chloride: Amino acids, 


reaction (ToENNIES and 
Kos) 367 
Methionine, reaction (Torn- 
nies and Kos) 367 


Metabolism: Carbohydrate, cor- 
tin and sodium chloride ef- 
fect, adrenalectomy (KeEn- 
DALL, FLock, BOoOLLMAN, 
and MANN) 697 

Lipids, endocrine effect 
(ENTENMAN, Lorenz, and 
CHAIKOFF) 133 
(Lorenz, CHAIKoFF, and 
ENTENMAN) 763 

Mineral, cortin and sodium 
chloride effect, adrenalec- 
tomy (KeENpDALL, FLock, 
Bo_tuMAN, and Mann) 

697 

Phenylpyruvic oligophrenia 
(JERVIS) 305 

Phospholipid, brain, radioac- 
tive phosphorus as indicator 
(CHANGUs, CHAIKOFF, and 
RUBEN) 493 
-, radioactive phosphorus as 
indicator (CHANGUs, CHAIK- 
orr, and RuBEN) 493 

Methemoglobin: Determination, 
micro- (EveLYN and Mat- 


LOY) 655 
Methionine: (ToENNiEs and 
Kos) 367 
Liver fat, effect (Tucker and 
EcKSTEIN) 117 
Mercuric chloride, reaction 


(Toenniges and Kos) 
367 
Mineral(s): Metabolism, cortin 
and sodium chloride effect, 
adrenalectomy (KENDALL, 


FLock, BoOLLMAN, and 
MANN) 697 
Monoiodoacetic acid: Monosac- 
charides, absorption, intes- 
tinal, effect (KLINGHOFFER) 


201 
Sodium chloride absorption, 
intestinal, effect (KLING- 
HOFFER) 201 


Monosaccharide(s): Absorption, 


intestine, monoiodoacetic 
acid effect (KLINGHOFFER) 
201 

Mosaic: Aucuba virus protein, 
tomato roots, isolation 
(STANLEY) 125 
Tobacco virus protein, solu- 
tion, diffusion (NeuURATH 
and Sau) 435 
- - ; , Viscosity 
(LAUFFER) 443 
Virus protein, latent, proper- 
ties (Lorna) 155 


Muscle: Anserine determination 
(Zapp and WILson) 9,19 

, species distribution (Zapp 
and WILson) 19 
Carnosine determination (Zapp 
and WILson) 9,19 

, species distribution (Zapp 
and WILsoN) 19 
Mycolic acid: Tubercle bacillus, 
isolation and properties (Sto- 
poLa, Lesux, and ANDER- 
SON) 505 


N 


Nitrogen: Proteins, denaturation 
effect (HENDRIX and Den- 
NIS) 315 


Nucleic acid: Desoxyribo-, struc- 
ture (LEVENE) 63 
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oO 


Oil: Cod liver. See Cod liver oil 


Organic acid(s): Rhubarb 
(Pucner, WAKEMAN, and 
VICKERY) 43 


— leaf, excised, behavior dur- | 


ing culture (PucuEeR, WAKE- 
MAN, and VICKERY) 43 
Ovary: Estrogen, ketonic (Wes- 


TERFELD, THAYER, Mac- 
CorQuopDALE, and Dorsy) 
181 


Oxygen: Tissue uptake, vitamin 
deficiency (Sure and Der- 
Wirt) 

Oxyhemoglobin: Determination, 
micro- (Evetyn and Mat- 
LOY) 655 


P 


Pancreas: Lipase (RaBINOWITCH 


and WYNNE) 109 

— activation, blood serum 
effect (RaBINOWITCH and 
WYNNE) 109 | 
Phenol(s): Oxidized, amino acid 
deamination, action (Hv- 
BARD) 489 


Phenylpyruvic oligophrenia: Me- 
tabolism (Jervis) 305 
Phosphatase: Blood serum, vita- 


min D effect (CoRRELL and | 


WIseE) 581 
Phospholipid(s): Brain, metab- 
olism, radioactive phos- 


phorus as indicator (CHAN- 
cus, Cuarkorr, and RusBen) 


493 | 
Pregnancy: Blood serum, blood 


Metabolism, radioactive phos- 
phorus as indicator (CHAN- 
gus, Cuarkorr, and Rusen) 

493 


287 | 
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| Phosphorus: Lnorganic, blood 
cells, rickets (RAPoporRT and 
GUEST) 749 
Organic acid-soluble, blood 


cells, rickets (Rapoport and 

GUEST) 749 

Radioactive, brain phospho- 

lipid metabolism, indicator 

(Cuaneus, CHAIKOFF, and 

RUBEN) 493 

—, phospholipid metabolism 

indicator (CHANGUS, CHAIK- 

orr, and RusBeEn) 493 

Pineapple: Hexosamine, uncom- 

bined, ammonium sulfate or 

calcium nitrate effect (S1p- 

ERIS, YouNG, and Krauss) 

233 

Pituitary: Extracts, gonadotropic 

activity, trypsin and ptyalin 

effect (McSuHan and Meyer) 

361 

Placenta: Theelin isolation (WeEs- 

TERFELD, MacCorqQuoDaALg, 

Tuayrer, and Dorsy) 195 

Polymerase: Ribonucleode- 
(Scumipt and LEVENE) 

423 

Potassium: Biological material, 

determination, micro-, spec- 


trochemical (DuFrreNDACK, 
THomson, Lee, and Kop- 
PIUS) 1 


Blood serum, asphyxia effect 
(Catre tt and Crvin) 633 
determination (Con- 


’ 


SOLAzIo and TALBOTT) 55 
Urine, determination (Con- 
soLazio and Tausotr) 55 


and liver lipids, effect (En- 
LORENZ, and 
133 


TENMAN, 
CHAIKOFF) 
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Pregnancy—continued: 
Urine, estrone sulfate isolation 
(ScHACHTER and MARRIAN) 
663 
Pregnanediol glucuronidate: So- | 
dium, urine, determination, | 
micro- (VENNING) 595 | 
Protein(s): Aucuba mosaic virus, 
tomato roots, isolation 
(STANLEY) 125 | 
Calcium chloride and, inter- 
action determination, amal- | 


gam electrode (JosEPH) | 


389 | 
Mosaic virus, latent, properties 
(LoriIN@) 455 | 


Nitrogen, denaturation effect | 
(Hnprix and Dennis) 
315 | 

Solutions, equilibrium, hetero- | 
geneous (JosEePH) 389 
Tobacco mosaic virus, oS] 
| 


tion, diffusion (NEuURATH 

and Saum) 435 | 
—_- — —, —, Viscosity | 

(LAUFFER) 443 | 


Proteolysis: Blood plasma, tu- 
mor or embryonic growth 
(Wert and Russett) 245 

Ptyalin: Pituitary gonadotropic | 


activity, effect (McSuHan | 
and Meyer) 361 | 
Pyrimidinedesoxyriboside(s) : 
Diphosphoric esters (Le- 
VENE) 63 


fect (BERNHEIM, BERNHEIM, 
and MIcHEL) 273 
Amino acids, isomers, oxida- 


Pyrrole: Amines, oxidation, ef- | 


tion, effect (BERNHEIM, | 
Bernuerm, and MIcHEL) | 
273 
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R 


Rheum hybridum: See Rhubarb 
Rhubarb: Leaf, excised, organic 
acids, behavior during cul- 
ture (PucneR, WAKEMAN, 
and VICKERY) 43 
Organic acids (PucnEeR, WAKE- 
MAN, and VICKERY) 43 
Ribonucleodepolymerase : 
(Scumipt and Levene) 
423 
Riboside(s): Desoxy-, pyrimi- 
dine-, diphosphoric esters 
(LEVENE) 63 


| Rickets: Blood cell diphosphogly- 


cerate and adenosinetriphos- 
phate (Rapoport and 
GuEsT) 749 
— — phosphorus, organic acid- 
soluble and inorganic (Rapo- 


PorT and GvuEst) 749 

Ss 
Sex: Hormones, male, urine and 
blood (McCunnacn and 
OsBORN) 299 


Sodium: Biological material, de- 
termination, micro-, spectro- 


chemical (DuFFENDACK, 
Tuomson, Lez, and Kop- 
PIUS) 1 


Sodium chloride: Absorption, in- 
testine, monoiodoacetic acid 
effect (KLINGHOFFER) 201 

Carbohydrate and mineral me- 
tabolism, adrenalectomy, 
effect (KENDALL, F.Lock, 
Bo.LiMaNn, and Mann) 

697 

Sodium pregnanediol glucuroni- 
date: Urine, determination, 
micro- (VENNING) 595 
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Sphingomyelin: Blood cell, red, 
stroma 
Setz, and Bgenortt) 785 

Starch: Soluble, wheat amylase, 
action (STAMBERG 
BalILey) 

Sulfhemoglobin: (Micuev) 


479 


LYN and MALLoy) 


T 


acid: 
and 


Taurocholic Production 
(VIRTUE 
VIRTUE) 141 

—, cystamine effect (VirtuE 
and Dosrer-Virtug) 141 

Theelin: Placenta, isolation 
(WeEsTERFELD, MacCorquo- 
DALE, THAYER, and Doisy) 


195 

Thrombin: Purification (Srxz- 
GERS, BRINKHOUS, SMITH, 
and WARNER) 91 


Tissue(s): Cholesterol and cho- 
lesterol esters, determination 
(Sturces and Knupson) 


543 
Elaidic acid disappearance | 
(Kout) 731 | 


Oxygen uptake, vitamin de- 
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